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INTRODUCTION AND THEORY 
Superconductivi ty was discovered in I9II  by Kammerl ingh Onnes (1) when 
he observed an abrupt drop, by a factor of 10,000, in the resistance of 
mercury close to 4.2°K. Since the discovery of Onnes, many low temperature 
laboratories have examined a wide variety of metals and have found over 
twenty elements and hundreds of compounds and al loys to be superconductors. 
Apart from the basic property of vanishing resistance below a cr i t ical 
temperature, T^, a wide range of superconducting behavior has been observed, 
and a wealth of experimental behavior has been accumulated (2,3). 
As experiments became better defined, a str iking regulari ty appeared in 
the behavior of dif ferent superconductors. The law of corresponding states 
seemed well  obeyed and from this arose the concept of an ideal superconduc­
t ing state. This state can be achieved by many superconducting materials i f  
puri ty and structural perfect ion are increased. The ideal superconducting 
state is characterized by complete magnetic f lux exclusion (Meissner effect) 
below a cr i t ical f ield H^(T). At this f ield there is a sharp transit ion to 
the normal state. The ideal superconducting transit ion is reversible, and 
can be treated by reversible thermodynamics. Many of the temperature-depen-
dent quanti t ies measured are in semi-quanti tat ive agreement with the Gorter-
Casimir two f luid model (4). Within the framework of this model one has a 
T 2 
cr i t ical f ield of the form [1 -  (y~ ) an electronic specif ic heat 
3 c 
which is proport ional to T ,  and a density of superconducting electrons 
given by n^ (T) a 1 -  )^. 
The electromagnetic propert ies of this ideal superconductor can be 
described to some extent by the London theory (5). According to this theory. 
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the magnetic induction in the interior of a sample always is brought identi­
cal ly to zero by currents which are induced in a surface layer, which is 
characterized by the penetrat ion depth Any small  external ly appl ied 
magnetic f ield decays exponential ly toward zero within this layer. In the 
London theory this characterist ic distance is related to other fundamental 
2 2 1/2 parameters by = [mc A^n^e ]  where m and e are the mass and charge of 
an electron. (o) is of the order of 3OO A for representative metals. 
The basic equations of the London theory are " local" in the sense that they 
relate the current densit ies and the electromagnetic potentials at the same 
point in space. On the basis of numerous experimental results, Pippard (6) 
concluded that these local relat ions must be replaced by nonlocal relat ions 
giving the currents at a given point in space as a space average of the f ield 
_4 
strengths taken over a region of extentç^ 10 cm about the point in 
question. The Pippard coherence distance is defined as the distance over 
which the order parameter n^(T) can change appreciably. Probably the most 
suggestive experiment leading to this idea was the observation that the 
penetrat ion depth began to increase quite appreciably when suff icient 
impurit ies were introduced to lower the normal electronic mean free path 
below such a distance 5^. in the London theory no such effect was expected 
since depends only on constants of the material.  Another piece of evi­
dence, which indicated a coherence distance, was the structure of the 
" intermediate state". In this state superconducting and normal regions 
coexist in the presence of a f ield and this is possible only i f  a posit ive 
surface energy exists which is characterized by a length of approximately 
10"^ cm. The natural width of the zero f ield superconducting transit ion was 
explained by Pippard (7) by postulat ing that the superconductor was divided 
3  
into regions of dimension having a temperature distr ibution among them. 
Most of the features of the ideal superconducting state were understood 
only after careful consideration of the superconducting propert ies of high 
puri ty samples of uniform composit ion and ideal geometry. The physical ly 
soft,  low melt ing point materials such as lead, t in, indium, and mercury 
exhibited the closest approach to ideal behavior, while the physical ly hard, 
high melt ing point transit ion metals and intermetal1ic compounds exhibited 
the widest divergences. In this manner the purely experimental dist inct ion 
was made between ideal "soft superconductors" and non-ideal "hard supercon­
ductors". 
Recent experimental and theoretical work, however, has shown the inade­
quacy of this r igid classif icat ion (8,9,10). The physical softness is not 
the essential feature, but instead, the relat ive magnitude of \  and 
divides materials into two main classes. Type-I superconductors are general ly 
found in the class of physical ly soft materials, and type-II  superconductors 
are general ly found in the class of physical ly hard materials. The primary 
dist inct ion between the two classes is based on magnetic behavior. The 
transit ion in a magnetic f ield of type-I superconductors is that of the ideal 
superconductor (see dashed l ine ending at in Figure 1) whi le type-II  
superconductors exhibit  a broad but reversible magnetic transit ion as is 
shown by the sol id l ine in Figure 1. Reversible or ideal type-II  behavior is 
dif f icult  to obtain experimental ly due to the sensit ivi ty of this property to 
defects and gaseous impurit ies. The f i rst approximately reversible type-II  
behavior was observed in a Pb-Tl system in 1937 (11). More recent measure­
ments on TaNb (12) also have shown apparently ideal type-II  behavior. 
Reversible type-II  behavior is not confined to al loys, but has been found 
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MIXED STATE 
Figure 1. Magnetization curve for an ideal type-l l  superconductor 
SUPERCONDUCTING REGION 
X 
Figure 2. Variat ion of magnetic f ield and order parameter in the interface 
reg i  on 
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also in the pure elements niobium and vanadium (13,14). 
One can understand the reason for the broad magnetic transit ion in 
type-l!  superconductors from consideration of the magnetic Gibbs free energy 
dif ference at a normal- superconducting interface. Figure 2 shows the 
dependence of both the magnetic f ield and the order parameter at such an 
interface. The magnetic f ield dependence of the Gibbs free energy of the 
superconducting state is given by 
H 
Gg (H,T) = Gg (o,T) -  V J MdH .  (1) 
o 
At G^ (H^) = G^(T)j since G^ is independent of magnetic f ield. There­
fore, equation 1 can be rewrit ten as 
H 
G^(T) -  G g (T,H = o)= -Vj MdH .  (2) 
o 
The area under a magnetization curve is a measure of the free energy dif fer­
ence between two phases. For a type-l superconductor M =  ^  up to the 
transit ion f ield H^ and is zero for greater f ields; by integrating equation 
2 we have 
h/ 
One also can use this as a definit ion of the thermodynamic cr i t ical f ield 
for type-l1 superconductors since the dif ference in the free energy is the 
area under the reversible magnetization curve independent of the shape of 
the curve. 
Superconductivi ty is regarded as a phenomenon of condensation In the two 
f luid model and this condensation energy is measured by the free energy 
6  
difference (4). Below the transit ion temperature a fract ion of conduction 
electrons are ordered into the superconducting state, and the superconductor 
gains condensation energy as the temperature decreases, in the presence of 
a magnetic f ield, however, part of the condensation energy is expended in 
f lux exclusion. Thus, 
2 H H 
Gg (H,T) -  G^(T) = (-  J MdH)V (4) 
expresses the free energy for volume V in the presence of H. Equation 4 
correctly expresses the average free energy of a bulk superconductor, but 
addit ional considerations are required in an interface region where both H 
and n^ (density of superconducting electrons) vary signif icantly as shown in 
Figure 2. The part ial  penetrat ion of the f ield indicates that less energy 
u2 
(approximately X ^ per unit  area of interface) is expended for f lux 
exclusion. Also, the ordering is less in this region and the condensation 
energy is reduced by approximately 5 .  Thus, the free energy in the 
interface region is modif ied to 
„2 h/  
AG = -  G^(T) = V(- g-- + + A(S g;- -  ) .  (5) 
The second bracket term is cal led the surface energy since i t  arises from 
the existence of the interfacial layer. In the case of type-l supercon­
ductors, for which § > A. ,  the surface energy is posit ive and is at a 
minimum for the smallest possible interface area. This condit ion is 
real ized i f  magnetic f lux is kept out of the interior of a bulk superconduc­
tor. The Meissner effect is therefore a thermodynamical ly stable si tuation. 
In the case for a type-l I  superconductor, for which 5 < X. ,  the surface 
energy is negative, and above a certain value of the magnetic f ield the 
7  
bulk superconductor prefers to increase interface area by lett ing the 
magnetic f ield penetrate into the interior (15). 
Two f ields are associated with a type-l i  superconductor. These f ields 
are cal led and and are respectively smaller and larger than the 
thermodynamic cr i t ical f ield. These are i l lustrated in Figure 1. For 
f ields, H < j  magnetic f lux is completely excluded as in a type-l 
superconductor. For H > H ,  the surface energy becomes negative and CI 
magnetic f lux part ial ly penetrates into the interior. The mixed state 
< H < 's characterized by a latt ice-l ike structure of f lux l ines 
formed throughout the specimen (16). This results in a broad magnetic 
transit ion as shown in Figure 1. 
One can predict values for thermal propert ies such as entropy and 
specif ic heat from the free energy curve when these are not direct ly 
measured (3) .  At a transit ion the Clapeyron equation for an H, P, T 
system applies so that 
dH 
S, - S, = (M, _ M,) (-yy ), (6) 
where is the magnetic f ield at the transit ion. S and M are the entropy 
and magnetic moment in regions 1 and 2. From equation 6, changes of specif ic 
heat at this transit ion can be calculated from 
C . T(|l)p (7) 
with the result 
'sT ôT '  dT ^"1 "2'  ^^2 
8  
The temperature dependence of the thermodynamic cr i t ical f ield as 
determined from the area of the measured magnetization curves can be used 
to determine the zero f ield superconducting specif ic heat at various temper­
atures. With the use of equations 2 and 7 an expression for the change in 
the specif ic heat between the normal and superconducting state Is found to 
be 
Ac = Cn -  Cs = -  5^ V ^-2 (H^Z) .  (9) 
dT 
In order to give a meaningful discussion of Ac ,  addit ional assumptions 
are necessary. First i t  is assumed that the specif ic heats in the two 
states can be writ ten as the sum of Independent latt ice and electronic 
terms. 
^n ^ %n 
(10) 
s = • 
Secondly, I t  is assumed that the latt ice term is unchanged In the transit ion 
so that c -  c becomes the dif ference In the electronic specif ic heat n s r  
between the phases. I f  one uses the free electron model specif ic heat, 
c = yl ,  then 
en '  
Ces = ïT -  Ac .  (11) 
Therefore by knowing the normal state electronic specif ic heat and the 
thermodynamic cr i t ical f ield as a function of temperature, the superconduc­
t ing specif ic heat can be calculated. I f  the normal state electronic 
specif ic heat coeff icient is not known, the low temperature cr i t ical f ield 
9  
data can give a value for this coeff icient. From experiment and theory ( 3 )  
i t  has been found that c « c at low temperatures. As a result 
es en 
Ac = c^^ = yT in the l imit T ^ 0 (12) 
Substi tut ing this into equation 9 and integrating yields 
= T « Tc 03) 
2 2 Hence, a plot of versus T should be l inear at low temperatures (where 
c^^ is negl igible) with the T = 0 intercept giving a value for and the 
slope giving a value for 7 .  
The microscopic theory of Bardeen, Cooper and Schrieffer ( I 7 )  (BCS) and 
i ts extensions have been successful in explaining many of the propert ies of 
type-1 superconductors. The BCS theory is appl icable to type-l material in 
al l  f ields and i t  has been extended to type-11 materials near T^ by 
Gorkov (18) .  Therefore, one might hope i t  would give the free energy 
dif ference for niobium. The theory predicts an energy gap in the energy 
distr ibution which has a value 3-52 kT^ at T = 0 and decreases to zero at 
the transit ion temperature. I f  one knows the energy gap as a function of 
temperature, the cr i t ical f ield and entropy are uniquely determined from the 
fol lowing relat ions: 
_ ,^.2 (x a'  -  a) (14) 
8*77;: 
= t  [1 + 3(x a'  -  a) -  ]  (15) 
10  
2H 
2A(0) = f-% kTc (16) 
where x = [ 
 ^ jtkT -' 
A(T) = y the energy gap at temperature T 
, 4C0 , 2  ^ ,1/2 
a = — J log [1 + e ] du + 
X [ log 1.781 sfx - Y 1 + Y (17) 
and a' = .  (18) 
is nearly parabolic in temperature with a negative deviation of approx­
imately 3/0- The superconducting electronic specific heat evaluated from 
equation 15 shows a near exponential behavior of the form 
Ces = 8.5e for T « . (19) 
The broad magnetic transitions observed in type-11 superconductors are 
not understood from the BCS theory. In order to understand these, a more 
general approach to the problem of surface energies than that of Pippard 
was developed by Ginzburg and Landau (19). An extension to the London 
theory was proposed which would take into account the possibility of the 
superfluid density n^ varying in space. They phrased the theory in terms 
of an effective wave function Y(r) which could be normalized such that the 
local density of superconducting electrons was given by 
, 2  n (r) 
I  Hr) 1 = (20) 
where n is the total number of electrons per unit  volume. Y(r) was treated 
as an order parameter which could be determined at each point in space by 
minimizing the free energy function f(YjT) of the system. 
f(YjT) was considered to be the dif ference of the free energy between 
the superconducting and normal phases when Y is uniform. By expanding f  as 
a power series in |Y|^ and retaining the f i rst two non-vanishing terms we 
have 
f(Y,T) -a(T) ^ b(T) (21) 
for |y1^ « 1. This restr icts the val idity of the theory to the temperature 
range near T^. I f  Y(r) is not uniform in space then an addit ional term was 
added by Ginzburg and Landau to f(^,T) which involves the rate of change of 
Y in space. This was a free energy contr ibution of the form 
2- |A V Y(r) +  ^  A(r) Y(r)  1% .  (22) 
The total free energy dif ference then becomes 
F(Y,T) = ;  ! Y V î(r) + I  A(r) Y(r) d^r 
2 
+ Jra(T) |Y(r) |2 + 1 b(T) |T(r) |4 ]  d^r + J .  (23) 
By minimizing this equation with respect to Y(r) the fol lowing equation is 
found ,  2 2 
[- iAV -  2eA] ij ;  + a(T) + b(T) ijf  U j =0 .  (24) 
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In order to generate the second Ginzburg-Landau equation an expression for 
the current density along with the Maxwell  equation V x V x A = and 
the gauge v • A = 0 is needed. This results in the equation 
V^A = ^  (Y-'cvY -  WY-"-) + !Y1^ A .  (25) 
m m 
I f  one considers the fol lowing case where the Z axis is normal to the 
boundary between the superconducting phase (Z> O) and the normal phase, the 
f ield H directed along the Y axis, and the current j  and the vector poten­
t ial  A along the X axis, equations 24 and 25 reduce to 
^  a r i  -  ]  Y _ b = 0 (26) 
dz fi mc a f i  
and 
A -  0 '  (27) 
dz mc 
Now by defining a suitable set of parameters these equations can be simpli­
f ied further. 
2, Z .  ;  A' = ^  A 
L mc a 
c lone a 
^ i (-fs ^ "c' 
71 C 
At this point the Ginzburg-Landau parameter K comes into the theory. The 
equations 26 and 27 reduce to 
d4 
,  = [- (]-A^) Y + Y^] (29) 
dz-
13  
2  
and r  = A ( 3 0 )  
dz 
where al l  of the primes have been dropped. The penetrat ion depth \  and 
come into the picture when the coeff icients a and b are evaluated from the 
equi l ibr ium value of f(Y,T) .  The penetrat ion depths \  originate from the 
use of the London result X (X — cc —-—- to determine a and b. 
"s |Y|2 
Ginzburg and Landau further showed that when K>^=^an instabi l i ty 
appears for the normal state of the material at f ields H> A supercon­
ducting phase could nucleate at any point in the material for H> This 
predict ion was the result of a calculat ion of the surface energy between a 
superconducting-normal interface. When K = jy the surface energy changed 
sign from posit ive for K < > to negative for K> A type-l l  super­
conductor is therefore a material with K> • Ginzburg and Landau appl ied 
the theory to the case K< and obtained values for the cr i t ical f ield 
and the f ield dependence of the penetrat ion depth for thin f i lms, in their 
calculat ions the restr ict ion is made to local superconductors (§«X.) and 
to T -  T^. 
Abrikosov ( I 6 )  considered the case of a superconductor where K> • 
This theory for a perfect ly homogeneous superconductor of the second kind 
yields a reversible magnetization curve characterized by a complete Meissner 
effect for f ields up to a lower cr i t ical f ield For 1 this f ield 
is given by 
• j !}^ = ( lnK + , 0 8 ) .  (31) 
c 
Solut ions to the Ginzburg-Landau equations by Hardin and Arp (20) for 
K near unity yields the fol lowing equation 
14  
I^Çl (32) 
He -  k-7 • 
Within the framework of this picture is thus not very sensit ive to K and 
may be dominated by the parabolic temperature dependence of .  
As the appl ied f ield is increased above the f lux rapidly penetrates 
forming a "mixed state" comprised of a latt ice l ike array of quantized, 
super-current vort ices extending throughout the sample. During this pene­
trat ion the main bulk of the sample remains in the superconducting state 
with the posit ion dependent order parameter vanishing only along a zero 
volume l ine at the center of each vortex. Above i t  is energetical ly 
less costly for the sample to establ ish supercurrent vort ices than to supply 
the energy required for penetrat ion depth shielding currents of the magni­
tude required for a complete Meissner effect. This energy balance is a 
consequence of the negative interphase surface energy as determined by the 
relat ive magnitudes of the penetrat ion depth and coherence distance. 
The "mixed state" persists to an upper cr i t ical f ield given by 
HC2 = K He (33) 
where f lux penetrat ion is complete, and a second order transit ion to the 
normal state occurs. In addit ion, near Abrikosov predicted that the 
magnetic moment of a sample would be l inear in H with a slope given by the 
fol lowing equation 
Ih -  [(1.18) W(2K^ -  1)]- '  .  (34) 
The theory has been extended to al l  temperatures below T^ and inf ini te 
15  
Hc2 
mean free paths by Gorkov (21,22) who f inds that -— should be temperature 
n 
C 
dependent according to the fol lowing equation 
|_| 
-^=K(1) [  1.77 -  .43t^ + .07t^] (35) 
c 
where t  = ^  . In deriving his results Gorkov showed that the Ginzburg-
c 
Landau equations can be derived from the BCS theory at T i f  one identi­
f ied the order parameter,Y ,  with a posit ion-dependent energy gap A (r) .  
A general expression for K, which is applicable to pure metals and 
al loys, has been obtained by Gorkov in terms of measurable parameters. K is 
expressed as the sum of two terms 
K = K + K ( 3 6 )  
o e ^ '  
where involves only the electronic structure of the metal,  independent of 
electronic scattering, and is given by 
Kq = .96 Xj_(0)/|^ . (37) 
Here X |^(0) is the London penetrat ion depth at T = 0 and |  ^ is the BCS 
coherence length. The BCS coherence length is found from the fol lowing 
equat i  on 
. l8&Vr 
S. • -Tt7 (38) 
where v^ is the Fermi velocity and k the Boltzmann constant. An addit ional 
e x p r e s s i o n  f o r  h a s  b e e n  o b t a i n e d  b y  G o o d m a n  ( 2 3 ) .  
= 1.61 X 10^4 ] [S^/S (39) 
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where y is the electronic specif ic heat coeff icient in egs units, n is the 
number of "valence" electrons per unit  volume, S is the free area of the 
Fermi surface, and is the area of the Fermi surface for a free electron 
gas of density n. The term involves the electron mean free path and is 
given by (24,25) 
Kg = 7.53 X 10^ y ' /Z (4o) 
where is the normal state resist ivi ty in 0 -  cm. 
I t  is therefore possible, provided the Gorkov model is correct, to 
calculate coherence distances, penetrat ion depths, and Fermi velocit ies from 
the features of a magnetization curve. Normally determinations of the 
Fermi velocity require complicated experiments such as the anomalous skin 
effect, absolute determination of the mean free path, and etc. With a 
correct model, some features of the Fermi surface could be determined from 
a simple magnetization measurement. 
The purpose of the thesis is to test the Ginzburg-Landau-Abrikosov-
Gorkov (GLAG) model of type-l l  superconductivi ty with measurements on the 
elemental type-l l  superconductor niobium. Samples of high puri ty metal with 
reversible magnetization curves have been made using a technique which 
removes gaseous contaminates by heating the niobium samples near to their 
O —Q 
melt ing point of 2500 C in a vacuum of 10 mm Hg. Reversibi l i ty is necessary 
for accurate thermodynamic calculat ions as well  as satisfying the reversi­
bi l i ty condit ion of the GLAG theory. 
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SAMPLE PREPARATION 
Measurements on the superconducting propert ies of niobium have produced 
results of a widely varying nature. instead of the sharp reversible transi­
t ions which are observed for most other pure superconductors, the magnetic 
transit ions have been very broad with large amounts of hysteresis and locked-
In f lux. As a result,  values of have ranged from 8250 Oe to I96O Oe; 
values for T have been reported in the range from 8.35°K to 9.6°K; and the 
dHc 
ini t ial  slope of the cr i t ical f ield curve -gy- ^ ranges from -453 gauss/ K to 
o ^ 
-I9IO gauss/ K (26). Sample puri ty has been recognized as being an Important 
factor in causing these variat ions. 
The di f f icult ies In obtaining reproducible results with niobium were 
thought to be very similar to those experienced with the measurement of the 
superconducting propert ies of tantalum. i t  was discovered through work of 
several Investigators (27,28) that absorbed gases had a profound effect on 
the superconducting propert ies of tantalum. In part icular, the residual 
resist ivi ty decreased by orders of magnitude when samples of high puri ty 
tantalum were degassed near their melt ing point in a vacuum of the order of 
-9 10 mm Hg. Samples of tantalum produced in this manner characterist ical ly 
have room temperature to l iquid hel ium temperature resist ivi ty rat ios from 
700 to 4000. At this level of puri ty, the metal l ic impurit ies in the start­
ing material are a l imit ing factor on the resist ivi ty rat io. 
Recently De Sorbo (29,30,30 has shown that dissolved gases play a 
similar role in niobium. Investigation showed that dissolved gases depress 
T^ by 0.93°K per at.% O2 up to the solubi l i ty l imit;  the resist ivi ty in the 
normal state is increased by 5-2 O-cm per at.% 0^; magnetic transit ions are 
made much broader and addit ional hypteresis is introduced in the transit ion. 
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These results indicate a dissolved gas impurity of the order of .01% is 
needed to predict to ,1% accuracy. 
Encouraged by the results obtained on tantalum and by De Sorbo's work, 
steps were taken to produce samples of niobium with low dissolved gas content. 
A vacuum system capable of attaining ult imate vacua of 10 ^mm Hg was used in 
conjunction with an electron bombardment furnace. The outgassing of high 
melt ing point samples has been done in the past by resist ive heating methods 
(32). This, however, presents two serious l imitat ions. Electr ical lead-ins 
in an ultra-high vacuum tube are, with l i t t le compromise, made through glas-
to-metal seals and these must be kept relat ively cool to prevent cracking of 
the glass. However, reduction of the electr ical resistance in the lead-ins 
results in increasing the conduction of heat away from the sample and as a 
consequence l imit ing the maximum obtainable temperature. A second, and 
perhaps more serious, di f f iculty encountered with resist ive heating is the 
tendency for "hot spots" to form in the sample. These spots caused by a 
non-uniform resist ivi ty in the sample become hotter as their resistance 
increases unti l  the sample f inal ly melts. 
Where appl icable, electron bombardment probably offers the most prac­
t ical and satisfactory method of heating a metal to elevated temperatures in 
a high vacuum. This method requires making the sample the anode in a simple 
diode electron tube. Thermally emitted electrons, accelerated by a high 
cathode-to-anode potential dif ference, str ike the sample and impart to i t  
their kinetic energy, which goes into thermal energy. Concentrat ion of 
power afforded by electron bombardment techniques permits the use of rela­
t ively small  electr ical lead-ins since they must dissipate only a small  
f ract ion of the total input power. 
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Vacuum System 
Two types of vacuum systems were used to degas niobium samples. Ini­
t ial ly a Kurth-Rugg1 es type, two stage, mercury, di f fusion pump was used to 
pump an al l-glass vacuum system. This system, although easi ly capable of 
-Q 
producing pressures in the 10 mm Hg region, had several disadvantages: 
the mercury vapors coming from the pump necessitated l iquid nitrogen traps 
on both the high vacuum and forepump side of the dif fusion pump; the disas­
sembly and assembly of the system to remove or insert samples required 
several hours of glass blowing and leak checking. 
A new vacuum system was designed to overcome these disadvantages and, 
in addit ion, to be capable of degassing four samples simultaneously rather 
than two. This system was constructed from type 304 stainless steel and 
uses an Ultek Model 20-092 100 l i ter/sec. vac-ion pump. An i l lustrat ion of 
the system is given in Figure 3. Vac-ion pumps do not require pump f luids 
and therefore refr igerants are not necessary for preventing contamination 
of the system. An addit ional advantage is that the pumping speed is many 
-7 "9 t imes greater than for a dif fusion pump in the 10 mm Hg to 10 mm Hg 
pressure range. This pump gives a speed of 100 l i ter/sec for most non-
noble gases. The major disadvantages of the vac-ion pump are that the 
pumping speed for inert gases is roughly a factor of 10 less than that for 
oxygen, nitrogen and hydrogen; and the inabi l i ty of the pump to operate 
-5 
continual ly at pressures above 10 mm Hg. None of these disadvantages is 
-q 
important in a system employed to outgas metal samples in vacuums of 10 
mm Hg or better. 
A serious l imit ing factor in the attainment of ultra-high vacua 
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involves gases absorbed on the surfaces of the metal and glass components 
of the system (33j3^). The system was baked at 300°C for 24 hours using a 
2500 watt furnace to drive off  these gases. 
The glass-to-metal seals in the system are made to withstand tempera­
tures of up to 400°C but i t  was found that dif ferential expansion causes 
the copper shear seals to develop leaks at temperatures higher than 300°C. 
The pump and connecting stainless steel tubing below the main chamber were 
baked to 150°C using infra-red lamps. After the system had cooled down to 
-9 
room temperature the system pressure was 10 mm Hg or better. 
The pump ion current can be used as a measure of the pressure in the 
system (35). This was done by placing a Keithley Model 4l4 micro-micro-
ammeter in series with the high voltage cathode circuit  of the pump power 
supply. The schematic for this circuit  is shown in Figure 4. The cal ibra­
t ion curve supplied with the pump is shown in Figure 5 and from i t  one sees 
—Q 
that a pressure of 10 mm Hg corresponds to a current of 1.3 X 10 ampere. 
A Bayard-A1 pert ionization gauge for measuring the system pressure was 
mounted on the stainless steel sample chamber. i t  was found, however, that 
the f i lament of the gauge heated the adjacent metal wal ls causing gas to be 
given off  and thereby result ing in an erroneous pressure reading. This 
problem could not be overcome without a major design change in the system. 
Therefore, the pump current was used as the only measure of the pressure. 
E1ect ron Bomba rdment 
The electron bombardment assembly which was mounted in the four holes 
at the top of the sample chamber is shown in Figure 6. The sample and 
f i lament support inseals were made by seal ing O .O6O inch tungsten rod into 
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an Ultek one inch pyrex glass adapter No. 80-453. These glass to metal 
seals must remain leak-free after many cycles from room temperature to 
300°C, I t  was found that seals commercial ly made by Research Apparatus, Inc. 
of Franklin Park, I l l inois gave rel iable service. The length of the sample 
support rod was dictated by the necessity for keeping the inseal relatively 
cool to avoid cracking due to thermal strains. 
The f i lament was wound in a 2-turn per inch helix which was approxi­
mately 5/16 inch in diameter and two inches long. Tantalum wire .010 inch 
in diameter was used as f i lament material because of i ts high melt ing 
temperature, mechanical strength at temperatures near i ts melt ing point, and 
the ease with which i t  can be formed into arbitrary shapes. Sample wire was 
spot welded to the support inseal and made suff iciently long so as to extend 
axial ly through the f i lament. Degassed sections of the sample wire 2 inches 
long could be obtained with this electrode configuration. 
A tantalum shield was constructed around each electron bombardment 
assembly with a 1/2 inch sl i t  facing towards the viewing port. The purpose 
of this shield was to prevent niobium from plating out on the sides of the 
stainless steel sample chamber when i t  was heated near i ts melt ing point. 
These shields didn't prevent niobium from plating on the viewing port. 
After four samples had been outgased, the viewing port had to be cleaned 
using a household cleanser as the abrasive to rub the plated niobium off the 
glass. The household cleanser was found to be very satisfactory in cleaning 
the niobium from the glass without scratching the glass surface. Boil ing 
sulfuric acid also would clean niobium from the glass but i t  was feared that 
the glass-to-metal seal would suffer damage when heated. 
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Emission Current Control 
Danger of sample loss at high temperatures by melt ing made control of 
heating power imperative. For example, the heating power required to main-
4 tain a sample at temperature T is proportional to T i f  only radiation losses 
are assumed. I f  the temperature is to be control led within AT, the power 
regulation must be better than ^ = 4 ^  ; which for AT = 50°C and 
T = 2500°C is — = 8% .  
w 
An emission current control was buil t  by C. H. Hinrichs (36) to outgas 
tantalum samples. A schematic for the control ler is shown in Figure 7. 
Since niobium melts at 2500°C, about 500°C below tantalum, and the sample 
sizes were very much the same as for tantalum ones, the current control ler 
was used successfully to control the emission current when outgasing 
niobium samples. The emission current was control led by the regulation of 
f i lament temperature (or f i lament current). 
Samples 
High purity niobium metal was obtained with the aid of Dr. 1^. J, 
Wasilewski from the Dupont Corporation in the form of small granules about 
1/16 inch in diameter. In order to form this material into wire samples, 
the granules were f irst electron beam melted in a vacuum of 10 mm Hg and 
then arc-melted in an inert atmosphere into a long cyl indrical shape that 
could be swaged and drawn into wire. Contamination of the niobium with 
carbon from diffusion pump oi l  and graphite used in swaging and drawing the 
wire could not be detected by chemical analysis. Before being mounted in 
the furnace, the surface of each wire sample was etched with boil ing sulfu­
r ic acid to remove the lubricants used in the fabrication process. The 
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fol lowing table shows an analysis for the Dupont niobium before and after 
fabrication and outgassing. The analysis for the f irst as received sample 
was supplied by the Dupont Corporation. Samples 2 and 3 were analyzed by 
the Ames Laboratory Analytical Groups; sample 2 spectrographica 11 y and sample 
3 using a neutron activation technique. 
Table 1. Typical chemical analysis for several niobium samples 
Sample 0 N H c Ta Fe Cr Ni w 
1.  As received 64 1 80 13 175 <50 A O
 
<30 <50 
2. Outgassed 6-16 8 1 40 175 <50 <30 
O
 
V
 <50 
3. As received 150 
From this table one can conclude that the outgassing process only 
removes gaseous contamination and doesn't add addit ional impurit ies to the 
niobium. The apparent increase in carbon content is at the l imit of detec­
t ion and therefore large errors are possible in this number. In fact i t  was 
observed that i f  two analyses were done on the same sample the carbon content 
varied many t imes by a factor of two. Therefore no signif icance was placed 
on the increase of carbon content from 13 to 40 ppm. 
To measure the effect of annealing and outgassing the wire niobium 
samples their resistivit ies were measured at 4.2°K in a f ield of 6 ki logauss. 
Since the temperature-dependent or electron-phonon part of the resistivity 
is extremely small at 4.2°K, the only contribution to the resistivity wil l  
be the tempe rature-independent impurity and defect scattering. Therefore a 
measure of the low temperature resistivity wil l  be a measure of the impurity 
and defect concentration in the niobium samples. For superconductors with 
transit ion temperatures above 4.2°K a magnetic f ield must be applied to 
drive the metal into the normal state. For niobium with a at 9.25°K, a 
f ield of approximately 2800 gauss is needed at the boil ing point of l iquid 
helium, in the present measurements a Nb-Zr solenoid supplied a f ield of up 
to 6000 gauss in which the resistivit ies were measured. Currents of from 
0,1 amp to 1 amp were put through the niobium samples and the result ing 
voltage drops across the sample were measured with a Keithley Model 14$ 
mi 11i-microvoltmeter. The samples were about 1/2 inch long and current and 
potential contacts made with razor blade edges. To avoid the possibi l i ty of 
affecting the superconducting properties of the sample from strains intro­
duced into the sample by the measuring technique, al l  the resistivit ies were 
measured after the superconducting properties were determined. Hence, the 
resistivity ratios at the t ime the magnetization curves were run were at 
least as high as those quoted. The fol lowing table gives resistivity ratios 
(resistance at 300°K divided by resistance at 4.2°K) for several samples. 
Table 2. Resistivity ratios for several niobium samples 
Sample Treatment R300°K/R4.2°K = r Diameter 
Nb-33-1 Heated wi thout °2 2080 0.025" 
Nb-33-2 Heated wi thout °2 2050 0.025" 
Nb -32-3 Heated wi th °2 1670 0.025" 
Nb-35-3 Heated wi th °2 1830 0,025" 
Nb-49 Heated wi thout °2 1360 0.015" 
Nb-44-3 Heated wi thout °2 1480 0.020" 
Nb-53~3 Heated wi thout °2 1300 0,025" 
Nb-48-1 Heated wi thout O2 1360 0,020" 
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This table includes the samples for which magnetization data were 
taken. Budnick (32) reported increased resistivity ratios for tantalum 
samples which had been heated for ten minutes near the melt ing point while 
bleeding oxygen into the system to a vacuum of 10 ^mm Hg. A similar 
technique was tr ied on the present niobium with negative results. In fact 
the best samples were obtained without the oxygen treatment. The resisti­
vity ratios for Nb-44 through Nb-53 were always in the 1400 range while al l  
the others generally were above l600. This is attr ibuted to the fact that 
the high numbered samples were .015 inch or .020 inch in diameter while the 
others were .025 or .030 inch in diameter. The method of measuring resis­
t ivity ratios could easily strain the samples and therefore the smaller 
diameter samples would be more easily strained and consequently have a 
systematically lower resistivity ratio. 
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CRYOGENIC APPARATUS 
The primary objective of this thesis was to obtain isothermal magneti­
zation curves for niobium in the interval between 1.1°K and the transit ion 
temperature of 9.25°K. Three types of magnetometers were used; two for 
work at temperatures up to 10°K; and one for work below 4.2°K. 
The magnetic moment of a sample in a constant magnetic f ield was 
measured by pull ing the sample between two oppositely wound pick-up coils 
and then observing the result ing induced current as the deflection on a 
ball ist ic galvanometer. These pick-up coils are wound oppositely to null 
out signals due to applied f ield f luctuations. The galvanometer used was 
a Leeds and Northrup Model 2285-X with a sensit ivity at two meters of 
.00024 [i. cou 1/mm, a CDRX of 960 ohms, and a period of 11.2 seconds. 
Each ball ist ic deflection is proportional to the magnetic moment of 
the sample (3) so that a magnetization curve is mapped out at a particular 
temperature by recording these deflections as a function of f ield. 
Sample Motion Magnetometer 
The magnetometer for work below 4.2°K is shown in Figure 8. In this 
magnetometer the oppositely wound pick-up coils are two 26,000 turn coils 
of No. 46 copper wire. The sample motion mechanism consists of a long 
stainless steel tube 1/32 inch in diameter extending from l iquid helium 
temperature to room temperature. The sample is attached to a copper wire 
which is soldered to the low temperature end of the tube. A dc solenoid 
surrounds a soft iron cylinder which is soldered to the room temperature end 
of the tube. Current through the solenoid causes the iron cylinder and 
hence the sample to move upwards, with the amplitude of the motion being 
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control led by stops. The sample drops back into i ts init ial posit ion when 
the current is interrupted. 
Coil Motion Magnetometer for Work Above 4.2°K 
The init ial attempt to measure magnetic moments of niobium samples 
above 4.2°K was done using a sample motion technique very similar to that 
used in the sample motion magnetometer for work in l iquid helium. This 
method is unsatisfactory because large heat pulses occur when the sample 
is moved rapidly. In fact, temperature changes of 0.5°K were observed due 
to the vibrations caused when the sample was l i f ted. To overcome this 
problem, the sample was f ixed in posit ion and the pick-up coils moved. The 
magnetometer with the movable pick-up coils is shown in Figure 9. Niobium 
samples are inserted into a copper f inger which goes through the pick-up 
coil .  A germanium thermometer which is used to determine the temperature 
is imbedded in the copper heat-leak chamber above the sample. 
One of the disadvantages of such a magnetometer is that a signal is 
recorded on the ball ist ic galvanometer with no sample in the apparatus. 
This is due to small f ield inhomogeneit ies that caused a f lux change in 
the pick-up coils. The magnitude of this background cannot be kept below 
1 cm at maximum f ield. For this reason an attempt was made to make a 
sample motion magnetometer with the heating problem reduced to a tolerable 
level. 
Sample Motion Magnetometer for Work Above 4.2°K 
All the data above 4.2°K reported in this thesis have been taken with 
the magnetometer i l lustrated in Figure 10. The temperature was measured 
using a calibrated germanium resistance thermometer mounted in the same 
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3/16 inch diameter copper tube as the niobium sample. On top of this tube 
is a small block of copper approximately 3/8 inch in diameter and 1/2 inch 
long. A stainless steel rod connects this block of copper to a brass rod 
which passes through an "0" r ing seal. The sample rod is moved up or down 
a prescribed distance by means of a reversible motor which is attached to the 
brass rod. Tolerable heating pulses result from this arrangement because 
the sample is moved less violently than by magnetic l i f t ing and because the 
sample is connected to a large copper block. Near 4.2°K heating pulses of 
approximately 0.01 to 0.02°K are observed. At higher temperatures, the 
larger heat capacity of the copper block and sample assembly keeps the heat 
pulses to 0.001 or 0.002°K near 9°K. As wil l  be discussed in the results 
section, reversible and reproducible data can only be obtained i f  the sample 
is mechanically shocked. The energy from moving the sample up and down 
apparently enables the small regions of the f lux in the samples to be moved 
about. Thus the sample motion magnetometer enables one to obtain reproduc­
ible data throughout the superconducting region of niobium. 
Temperature Control and Measurement 
Temperature control below 4.2°K is achieved by pumping on the l iquid 
helium bath. The vapor pressure is regulated using the special ly designed 
manostat (37) i l lustrated in Figure 11. Regulation is accomplished with a 
rubber diaphragm that moves up and down unsealing and sealing the pump l ine 
to the cryostat. The diaphragm is moved by the pressure difference between 
the reference pressure p^ and the cryostat pressure. I t  has been found that 
over the pressure range of 760 mm Hg to 6 mm Hg the cryostat pressure is 
stabil ized in approximately 10 minutes after sett ing the reference pressure 
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p^. By monitoring the temperature with a carbon resistor, the temperature 
is found to remain constant to a mil l i-degree over a period of 2 hours. 
This is suff icient t ime to measure a magnetization curve at one temperature. 
Only at temperatures corresponding to vapor pressures below 6 mm Hg 
(T = 1.6°K) is any diff iculty encountered. At these pressures the manostat 
wil l  tend to let the pressure in the cryostat drif t  slowly downward. This 
is due to fai lure of the rubber diaphragm to seal the pump hole on the 
cryostat side of the manostat and insuff icient sensit ivity of the diaphragm. 
To overcome this problem, the manostat is bypassed and the cryostat is 
pumped by opening a small valve and lett ing the system come to equil ibrium. 
Temperatures between 4.2°K and 2.2°K were measured with a vapor 
pressure thermometer bulb so as to el iminate the need for hydrostatic head 
corrections. Below 2.2°K the temperatures are determined by measuring the 
vapor pressure above the bath. Bath pressures are read through a 1/4 inch 
stainless steel tube which extends into the large diameter section of the 
dewar so that pressure gradients in the dewar neck can be neglected. The 
absolute temperature is obtained from these vapor pressures by use of the 
T^g scale (38). 
In the region above 4.2°K where the sample is isolated from the helium 
bath by means of a heat leak chamber, temperature control is achieved 
through the use of a 150 ohm manganin heater circuit control led by a dc 
amplif ier. These circuits are shown in Figures 12, I3, and 14. The Allen-
Bradley carbon resistor sensing element of the bridge was mounted just 
below the heater on the heat-leak can (Figure 10). An off-balance signal 
from the bridge is fed to the amplif ier as long as the sensor resistance is 
different than the resistance of the adjustable 0-2000 ohm hell pot in the 
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same leg of the bridge. The amplif ier turns a relay on or off depending on 
the sign of the input signal. Heater current can then be control led by this 
relay. The sensit ivity of the amplif ier is such that a 2p.V input signal is 
suff icient to activate the thyratron-relay circuit. 
Bridge sensit ivit ies for this type of bridge have been calculated by 
Goodwin (39). The sensing resistor used has a resistance of 640 ohms at 
10°K and 1750 ohms at 4.2°K. Use of these data and the fact that the loga-
] > 
r i thm of the resistance is l inear in — enables one to calculate the sensi­
t ivity of the bridge at balance. These calculations show that at 10°K, 
where the sensing resistor is least sensit ive, the output of the bridge is 
3li.V per mil l i-degree with 500|i ampere of current through the sensor. There­
fore the bridge-amplif ier combination is capable of reacting to a mil l i-
degree change in temperature throughout the working range of 4.2°K to 10°K. 
Calibration of the Germanium Resistor 
The magnetization work above 4.2°K necessitated a temperature measuring 
device that would keep i ts calibration after thermal cycling and be sensit ive 
enough to measure mil l i-degree temperature changes. Single crystal german­
ium resistors made by Minneapolis Honeywell have the proper characterist ics 
to be used as thermometers in the temperature range from 4.2°K to 9°K. The 
Honeywell series I I  resistor which has been doped so that i t  varies in 
resistance from 859 ohms at 4.2°K to 162.1 ohms at 10°K is used in these 
experiments. The calibration of this resistor between 2°K and 20°K was 
carried out using a gas thermometer to measure the temperature. To check on 
the calibration, the resistor was thermally cycled to room temperature and 
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thenTmmersed in l iquid helium and used to measure temperatures in the 
l iquid helium region. The resistor gave the helium temperature correct to 
2 mi 11i-degrees when compared with the T^g vapor pressure tables. A further 
check has been made by measuring the zero f ield transit ion temperature of 
lead using an ac mutual inductance technique. The result T^ = 7.195°K is 
in excellent agreement with the Martin and Franck value of 7.193°K (40). 
The precision of this experiment is t  0.001°K but the accuracy is l imited by 
our knowledge of the vapor pressure of the helium and hydrogen points. The 
quoted values for these are t  0.002°K at 4.2°K (38) and t  0.020 at 20°K (41). 
Consideration of other possible errors in the calibration leads one to the 
conclusion that the calibration is In error by no more than Î  0.002°K at 
the low temperatures near 4.2°K and increases to t  0.020°K as the temperature 
approaches 20°K. 
Magnetic Field 
The magnetic f ield is provided by a l iquid nitrogen cooled solenoid, 
2-1/4 inch l .D. and 8 Inches long (Figure 15). Consecutive layers of No. 14 
square copper wire are spaced .015 inch apart so that nitrogen could penetrate 
the windings. At l iquid nitrogen temperature the coll  Impedance Is one ohm. 
The solenoid was compensated with addit ional windings on each end so that the 
f ield wil l  be uniform to within ±0.01% over a distance of two centimeters each 
side of the center of the magnet. The variation in f ield Intensity along the 
axis of the solenoid was measured as fol lows. The solenoid was used as the 
primary in a mutual inductance coil  arrangement with a 33 cps signal put 
through i t .  A secondary coll  of 100 turns, 1/4 inch in diameter, was moved 
along the axis of the solenoid. A mutual inductance bridge capable of seeing 
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a change in coupling between the primary and secondary of one part in 10^ 
was used to map out the f ield profi le along the axis. 
The absolute calibration of the solenoid at i ts center has been obtained 
by an NMR technique which uses the proton resonance in glycerine at 15°C. 
The result of this calibration at six f ields between 1600 gauss and 3400 
gauss is 150.90 t  .02 gauss/amp. This work was done by Mr. David Torgeson 
of Dr. R. G. Barnes' group. 
Magnetization measurements on niobium required a continuously variable 
f ield from 0 to 4200 gauss, and hence, a continuously variable current from 
zero to 28 amperes through the solenoid. The source of current is a 6-36 
volt J O-3O amp constant voltage supply model MTR 636-3O made by Perkin 
Engineering, El Segundo, California. Regulation of the current to one part 
4 in 10 is accomplished by placing a transistorized current control in series 
with the current source and solenoid. The circuit is one of the type 
described by Garwin (42). Current through the solenoid was measured by 
reading the potential drop across a .01 or .1 ohm standard resistor with a 
Rubicon Type B potentiometer. A -.5 to +2.5 mV Brown recorder (Model 
Y153X18) is used in place of the galvanometer on this potentiometer. The 
recorder can be read to the nearest 10|j,\ /  and therefore the magnetic f ields 
are known to the nearest O . I5 or O .OI5 gauss depending on which shunt is 
used. 
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RESULTS AND DISCUSSION 
Magnetization Curves 
In order to apply the results of thermodynamic analysis to superconduc­
t ing data, i t  is necessary that the transit ions be reversible. For niobium, 
reversible magnetization curves can be obtained over the entire superconduc­
t ing temperature range only with a magnetometer which is constructed so that 
the sample can be given mechanical shock before i ts magnetic moment is 
measured. The reasons for this are not completely understood. 
Two reversible magnetization curves at different temperatures are shown 
in Figure 16. The solid circles represent the moment for increasing f ields 
for both temperatures while the crosses and circles represent moments for 
decreasing field. These are data for the 0.015 inch diameter sample Nb-49 
which had a resistivity ratio of I36O. The same sample shows magnetization 
curves almost identical in shape to this one for al l  temperatures below 3°K. 
Between 3°K and 8.5°K the curves look much like the one shown for 7.715°K. 
Hysteresis at the transit ion for this temperature range f luctuated from 
.5% to 5% of H^i in a rather erratic fashion. We define hysteresis for the 
purpose of this discussion to be the difference between H^j determined from 
increasing f ield data and determined from the decreasing f ield data. 
The percentage hysteresis is then this difference divided by the average of 
the two. The magnitude of the hysteresis does not seem to be a systematic 
function of either temperature or t ime. Above 8.5°K the hysteresis effects 
are negligible. 
A rather careful study of this hysteresis reveals that the init ial 
increasing f ield magnetization curve is independent of the amount of 
1 
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Figure 16, Reversible magnetization curves for two niobium samples 
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hysteresis as long as the amount of hysteresis is less than 5%. Al l  the 
variation appears in the decreasing f ield curve. On the basis of these 
results the virgin increasing f ield curve is identif ied with the equil ibrium 
magnetization. The sample temperature must then be raised above before 
every transit ion. 
The three crit ical f ields (H , ,  H and H ) can be found from a 
cl c2' c 
measured magnetization curve as fol lows. is defined graphically by 
extrapolating the portion of the magnetization curve with the steep posit ive 
slope back to the init ial l inear part of the curve where there Is a complete 
Meissner effect. The extrapolation is i l lustrated on Figure 16 for the 
7.715°K magnetization curve. The rounding of this curve in the region of 
H^l presumably is caused by the ends of the sample seeing a higher applied 
f ield than the bulk of the sample. The samples used have length to diameter 
ratios of 30 which result in a .3% correction to the applied f ield. The 
scatter in the data is greater than this (about 1%). Hence, demagnetizing 
effects other than the rounding have been neglected. 
H^2-' the lowest f ield at which the sample is completely normal, is 
found from the high f ield portion of the magnetization curve where M goes 
to zero. 's easily determined for temperatures near T^ but below 7°K 
the slope of the magnetization curve at decreases rapidly. Near 1°K the 
curve approaches the f ield axis almost asympotically. This makes a precise 
determination of very diff icult. Errors on the order of 1% could be 
expected from this extrapolation. _ 
the bulk thermodynamic crit ical f ield, is determined by measuring 
the area under a magnetization curve in conjunction with equation 2. These 
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computations are done with the aid of an IBM 7074 computer. 
Thermodynamic Crit ical Field Measurements 
The results of the computer compilation for niobium are displayed for 
three samples in Figure 17. The data show to vary roughly as H^[l-(^)^] 
where T^ and are determined by extrapolation. Extrapolation of to 
H = 0 yields a zero f ield transit ion temperature of 9.25 t  .01°K for the 
niobium samples Nb-49 and Nb-53-3. An addit ional determination of T^, using 
an ac mutual inductance technique, on a sample not used for magnetization 
measurements (Nb-44-2) resulted in T^ = 9.25 t 0.01°K. 
At low temperatures where the superconducting state entropy is much 
smaller than the normal state entropy, is given by equation I3. A plot 
of the data for two reversible samples of niobium is shown in Figure 18. 
2 2 The data are l inear in T up to T =8 within the accuracy of the measure­
ments with = 1990 t 5 gauss and 7 = 1.80 t .04 x 10 ^ cal/mole°K^. An 
energy gap at T = 0 can be calculated from the BCS expression (equation 16) 
to be 2A(0) = 3.66kT^. These numbers are in good agreement with recent 
specif ic heat and energy gap measurements on niobium (42,43,44,45). 
Table 3 .  Electronic and superconducting properties of niobium 
Y X logeai/mole°K^ (gauss) 2A(0) Method of Measurement 
1.86 1994 Calorimetric 
1.9 1944 Calorimetric 
S.SkTc Tunneli ng 
3.77kTc Ultrasonic [100] direction 
3.74kTc Ultrasonic [111] direction 
3.65kT^ Ultrasonic [110] direction 
For further comparison with experiment a calculation of the specif ic 
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heat jump in zero f ield can be made from knowing the slope of at T^. From 
equation 9 at T = T and H =0 
^ c c 
Tc dH; 2 
AC (at T^) = ( jy-) V (41) 
'  c 
dH 
The present value of 430 gauss/ K for dT Tc 
gives AC (T = T^) = 3.52 x 10 ^ cal/mole°K. 
Recent specif ic heat data of Leupold and Boorse (43) gives a value for 
AC(T = T^) = 3.21 X 10 ^ cal/mole°K. The ten percent dif ference between the 
magnetic and calorimetr ic measurement may be due to gaseous contamination or 
to the rather large amount of tantalum (750 ppm) present in the specif ic 
heat sample. This may also account for the low T (9.19°K), although the 
c 
electronic specif ic heat coeff icient y = 1.86 x 10"^ cal/mole°K is in 
satisfactory agreement with our result (1.80 t .04 x 10 ^ ca1/mole°K^). 
A rather surprising feature in these data is the closeness of the f i t  of 
the bulk characterist ics to the BCS theory in spite of the broad magnetic 
transit ions, in order to compare the BCS equations with experiment, equation 
14 has been computed by Muhlschlegel (47) for the BCS energy gap of 3.52kT^. 
Addit ional calculat ions have been done by Finnemore and Mapother (48) using 
equation 14 with energy gaps that are a constant t imes the BCS gap. I f  a 
deviat ion function of the form 
D(t) = h^ -  (1-t^) (42) 
He T (where h = — and t  = — ) 
^ "o 
is used to display the results of these calculat ions, the curves of f igure 19 
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show the deviat ion from parabolic behavior of the temperature dependence of 
the cr i t ical f ield A family of curves can be generated for dif ferent 
values of the constant mult ipl ier. For a gap of 3.66kT^, one would expect 
the deviat ion function to be double valued, posit ive at low temperatures 
2 2 2 ( t  < 0.1) and negative for temperatures from t  = 0.1 to t  = 1.0. The 
maximum deviat ion from parabolic behavior would be of the order of 2%. The 
deviat ion function for one of the niobium samples which shows the least 
amount of random scatter is plotted on Figure 19. Data for this sample l ie 
close to the 3.90kT^ curve. In view of the scatter in the data and the 
sensit ivi ty of D(t) to the choice of y, one is not too surprised to f ind the 
discrepancy shown. Also, the choice for the f iducial parabola T^) wi l l  
affect the deviat ion plot.  Within these l imitat ions, the 3.70kT^ to 3.90kT^ 
deviat ion curves do show the type of behavior found in the measurements on 
niobium. 
One should question whether the scal ing of the BCS energy gap is just i­
f ied. Recent calculat ions by Swihart and others (49,50,51) have shown that 
such a scal ing may be just i f ied i f  proper account is taken of detai ls of the 
electron-phonon interaction. By comparing the Swihart deviat ion functions 
with those in Figure 19; one f inds very close agreement. Therefore the 
deviat ion from the BCS energy gap seems to explain the near parabolic 
behavior of H^. 
The reason for the deviat ion of niobium from the BCS theory presumably 
l ies in the strength of the electron-phonon interaction. In the BCS theory 
this interaction is considered weak through the assumption that the rat io of 
the transit ion temperature T^ to the Debye 6^^ is small  (T^/G^ « 1). A 
53 
superconductor such as t in (T^/G^ = .019) has a gap of 3-60kT^ and a cr i t ical 
f ield close to that of the BCS theory. As T^/G^ gets larger the gap becomes 
bigger than 3.52kT^ and one sees the cr i t ical f ield values behave l ike the 
curves on Figure 19. Superconductors with low G^'s such as HgfGp = 69°K) 
and Pb(9j^ = 9ô°K) j  which have 1^/8^ rat ios of 0.05 and 0.075, deviate 
posit ively from a parabolic temperature dependence. These superconductors 
are strong interacting and also deviate the most from the BCS theory. 
Niobium with a T^/G^ of 0.029 is intermediate between the weak and strong 
coupling superconductors. 
2 2 The l inearity of vs. T up to t  = 0.3 rather than t  = 0.2 as pre­
dicted by the BCS theory is due to the superconducting electronic specif ic 
2 heat approaching zero more rapidly than theory predicts. is expected to 
_2  be l inear in i  when C « C .  Since C is expected to be proport ional 
es en es 
to e kT J the larger A for niobium wil l  cause C^^ to become negl igible at a 
higher T than theory predicts. 
H^j Cri t ical Field Results 
The major dist inguishing feature of the magnetization curves of type-11 
superconductors involves the existence of the two transit ion f ields and 
H^2" A proper theory must explain not only their magnitudes but their 
temperature dependence. Therefore, a knowledge of the temperature dependence 
of H ,  and H .  for niobium wil l  enable one to test the theories for type-l l  
c I  c2 
superconductors. 
The temperature dependence of the f ield of ini t ial  penetrat ion of 
magnetic f ield, is shown in Figures 20 and 21. These data show an approxi-
2 2 
mately l inear dependence on t  down to t  = 0.4 with a one percent scatter. 
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2 Below this temperature the data fal l  below the t  l ine to a maximum of 6% at 
t  = 0. The data were found to f i t  the fol lowing relat ionship, 
H^](t) = 1735(1 - . 
No theory exists for the temperature dependence of Abrikosov (16) 
solved the Ginzburg-London equations for large rat ios and Hardin and 
Arp (20) extended these results to low rat ios of » The Hardin and Arp 
results for are compared with our data in Figure 22. Deviat ion of the 
data from these calculat ions indicate the importance of the T ~ T^ condit ion 
of the G LAG theory. Only at temperatures close to T^ where H^^/H^ has i ts 
highest value is there any agreement between experiment and theory. Experi­
ment shows the magnetization curve drops much more steeply at H^| than theory 
predicts. Therefore the tai l  of magnetization curve contr ibutes less to the 
area of the curve than theory predicts and results in H^^/H^ being larger 
than the Hardin and Arp calculat ions. 
The slope of the magnetization curve just above H^^ is important 
because i t  relates direct ly to the possibi l i ty of a f i rst order transit ion at 
H^,. Abrikosov has discussed this possibi l i ty on theoretical grounds and 
Serin (52) has presented specif ic heat data for niobium which might be 
interpreted as evidence for a f i rst order transit ion. 
I f  the transit ion at H^j were f i rst order, both the entropy and the 
magnetization curves (being given by f i rst derivatives of the Gibbs free 
energy) would be discontinuous and would satisfy the fol lowing relat ionship. 
H • 'ï'-
This is not the case for niobium. The slope of M in the transit ion region 
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of has been measured and was found to be 2.0 t  .3 (electromagnetic cgs 
units) for al l  temperatures. Since our samples have f ini te dimensions, a 
drop in magnetization given by the demagnetizing coeff icient would indicate 
a f i rst order transit ion. For the samples of niobium used, with a length 
to diameter rat io of 30, the demagnetizing slope was calculated to be 23 
(electromagnetic cgs units). With experimental slopes a factor of ten 
smaller than this, these measurements Indicate no f i rst order transit ion at 
"cl­
in Serin's work the specif ic heat jump resembles a X transit ion and 
this has made i t  somewhat di f f icult  to determine without doubt the order of 
the transit ion taking place. Some recent specif ic heat measurements on 
vanadium (14), which is a type-l l  superconductor, show a X type specif ic 
heat discontinuity at A theoretical calculat ion by Goodman (53) pre­
dicts a specif ic heat anomaly at ^ which is in agreement with the vanadium 
work. His predict ion for the jump in specif ic heat is 
T dH ]  2 
where n is the demagnetization coeff icient. Therefore, the specif ic heat 
jump should be proport ional to since dH^^/dT is nearly l inear in T. 
From thermodynamic arguments, the specif ic heat jump at should also 
be proport ional to T^. Equation 8, plus the assumption that the transit ion 
is second order, gives the fol lowing result for the specif ic heat jump 
dH 
AC 
^  has been found to be constant for al l  temperatures and therefore AC wi l l  
be nearly proport ional to T^. No specif ic heat" data exists for comparison. 
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The data of Serin (52) suffers from hysteresis effects near so that 
reversible data cannot be obtained. 
hc2 Crit ical Field Measurements 
The transit ion to the normal state at 's of great interest bica^se 
many theoretical calculat ions have been made to determine i ts temperature 
dependence. Figures 23 and 24 show H .  for three niobium samples. The data 
^ 2 
can be approximately represented by the function H ^(t) = 4040 ( "^ ) .  
^ 1+t 
Systematic deviat ions from this function are shown in Figure 24. 
The solut ion of the G inzburg-Lor.don equations by Abrikosov (16) in the 
H K 
region near T^ shows that ~ '  I f  K is a constant in this region, 
2 H g should vary as t  near T .  The data of Figure 23 shows that H „  is 
cZ c c2 
2 l inear in t  near T^. As the temperature is decreased, the rat io no 
longer remains constant but varies as shown in Figure 25. This is reasonable 
since K was defined from the Ginzburg-London equations to be proport ional to 
2 H^(t) ( t) .  I f  this can be considered as a definit ion for K at tempera­
tures far from T^j then by using the two-f luid model temperature dependence 
for H and X., one f inds H , /H should vary as —^ .  Ginzburg (54) used 
c L cz c ,+t 
a similar argument to derive a temperature dependence for K and one sees in 
Figure 25 that the —^ temperature dependence f i ts the data very well  near 
1+t 
T^ and down to t  = 0.75 • Li t t le signif icance can be placed on this agree­
ment because the data were made to f i t  at T rather than using values of H 
c c 
and to f ind in this temperature range. 
Gorkov (21,22) showed that the Ginzburg-Landau equations can be derived 
from the BCS theory at T crT^ i f  one identi f ied the order parameter Y with a 
posit ion dependent energy gap A(r) .  In addit ion, Gorkov extended the 
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Figure 25. Comparison of niobium data for with the temperature 
dependence predict ions of Gorkov and Bardeen-Ginzburg 
Abrikosov treatment to lower temperatures with the restr ict ion H ^^^2' 
This temperature dependence for is given in Figure 25. No agreement 
between theory and experiment is found. Again, as in the case of theory 
and experiment would come closer to agreement i f  were larger for a given 
H^2' The measured magnetization curves would need bigger moments In the 
region between H^| and so that the tai l  contr ibutes more to the area of 
the magnetization curve. 
Recent calculat ions by Helfand and Werthamer (55) to predict the temp­
erature dependence of ss a function of mean free path are shown in 
Figures 26 and 27. Their calculat ions at T = 0 agree with the Gorkov result.  
Agreement at the low temperature end of their calculat ions with experiment is 
poor. In fact; at f ini te temperatures the experimental data points l ie above 
the curve for the short mean free path l imit.  In the two graphs the theore­
t ical curves have been presented both in terms of a reduced K and a reduced 
The dif ference between experiment and theory seems to be smaller for 
h" than for the reduced K plot.  This discrepancy is due to the scal ing of 
H A plot of the theoretical H ^ and experimental H ^ would reveal the 
c2 c2 c2 , 
c2 
same dif ference that is found in the reduced K plot.  A dif ference in 
at T^ between the theoretical and experimental values accounts for the 
better f i t  since each quanti ty is scaled by a dif ferent slope. 
The second order transit ion that occurs at is of great interest. 
In the vicinity of according to Abrikosov (equation 34) the magnetic 
moment of a type-l l  superconductor should be l inear in applied f ield. Using 
equation 8, a thermodynamic expression for the specif ic heat jump at H^2 can 
be found to be 
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dH 
Equation 46 is the same as that for the change in specif ic heat at ^ except 
^  in the normal state is zero. From the magnetization curves for niobium, ôn 
a direct measurement of ^  
ôH u was made for two samples. The results of c2 
this measurement along with Abrikosov's expression for the slope of M at 
H « are shown in Figure 28, The K in Abrikosov's equation are determined 
"c2 
at each temperature from the definit ion K = ^ .  The reduced magnetiza­
t ion curves of Figure 29 have been drawn to emphasize the change in shape of 
the magnetization curves with temperature. The constant slope at and the 
change in slope at with temperature should be noted. 
These f igures show the measured slopes are a factor of two to three 
t imes smaller than predicted by Abrikosov's equation for the slope at 
At there is always complete reversibi l i ty so that no question arises 
about the val idi ty of thermodynamics at this transit ion. The only region 
where the measured and calculated slope might agree is near T^ but the data 
doesn't  extend close enough to T^ for a good comparison. Recent specif ic 
heat work by Serin (52) has observed a second order transit ion at Their 
values derived from the specif ic heat jump using equation 46 l ie on 
the same curve as the direct ly measured slopes. 
The expression for the slope of the magnetization curve at H^2 was found 
from equation 34 which predicts the tai l  of the magnetization curve is l inear 
in H. In analyzing al l  the curves measured, not one displayed a moment that 
was l inear in f ield in the region near This is very well  i l lustrated in 
Figure 16 showing two representative magnetization curves and in Figure 29. 
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Penetrat ion Depth and Coherence Length Calculat ions 
From equation 36 and the original definit ion of K expressed by equation 
28j one can calculate penetrat ion depth and coherence distances at T =0. 
The Ginzburg-Landau K is writ ten near T in terms of H « and H as 
c cZ c 
"c2 
K -Trr (47) 
c 
For niobium K(at T^) = .78 .  If  this is taken as a definit ion of K for al l  
temperatures, K increases to 1.45 at T =0. Near we have 
XlfO) 3 ,  /2 
K = .78 = .96 + 7.5 X 10^ Y pn (48) 
by combining equation 37 with equation 40. For niobium, with a resist ivi ty 
rat io of 1400, p = 1.04 x 10 ^ ohm-cm at 4.2°K. With y = 7.0 x 10^ „  
"  cm °K 
the second term on the r ight hand side of equation 48 is 0.021. Therefore 
?^ l(o) 
— = .79 .  In order to calculate the absolute value of X^(0), one needs 
^o 
to use the original definit ion of K from equation 28. 
K = 4.3 X 10^ H^(T) X^^CT) (28) 
This definit ion was derived for T near T^ but i f  one uses the parabolic 
dependence for and the two-f luid model temperature dependence for X., the 
agreement with experiment, as shown in Figure 26, extends to temperatures 
below T .  If  one inserts an of 1990 Oe into equation 28, then X^^(O) = 
o o 
310 A and consequently = 390 A .  From the BCS theory and the assumption 
of random scattering, the actual penetrat ion depth is given by A.cr ' l .15 .  
Therefore \(0) = 36O A .  A recent experiment by McLean (56)  f inds values 
o o 
of 390 A and 470 A for \  (0) and X(0). A value for K at T was found in 
this experiment to be O.8O. This is in excel lent agreement with our value 
70 
of 0.78. 
The Fermi velocity can be calculated from these data using the BCS 
expression for the coherence distance (equation 38) to be 
I  kT g 
Vf = —j-g—^ = 0.3 X 10 cm/sec 
In order that niobium be a type-l l  superconductor i t  is necessary for X 
to be of the order of or larger. This is required by the surface energy 
arguments. The fol lowing table shows some superconducting parameters for 
type-! superconductors and niobium (57). 
Table 4. Electronic propert ies of various superconductors 
Metal 
0 
Vf X 10 cm/sec X X lO^cm § X lo\m 
^0 5o 
^n 
.65 5.6 .23 0.15 
A1 1.32 5.3 1.6 0.0098 
Pb .50 4.8 .083 0.45 
Nb .26 3.6 .039 0.79 
I t  is clear from the table that the coherence length for niobium is smaller 
than fo r  type - l  mater ia l  a long w i th  the  penet ra t ion  depth .  For  t ype - l l  
materials with larger K values than niobium's .78, the dif ferences in \  and 
between type - l  and type - l l  material would be even greater. 
Even though the val idi ty of the model used in these calculat ions is 
questionable, the numbers calculated for X and are of the correct magni­
tude to give negative surface energies which are necessary to explain type-l l  
superconductivi ty. 
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Concluding Remarks 
Niobium is unique among the pure superconducting elements which have 
been studied extensively. The thermodynamic cr i t ical f ield curve agrees 
re.Tiarkably wel l  with the predict ions of the BCS theory despite the fact that 
the magnetization curves show type-!1 character. The GLAG theory which has 
been successful ly used to discuss type-l1 characterist ics in al loys does not 
f i t  niobium except possibly in a very narrow region near T^. A point of 
special interest is the theoretical predict ions by Abrikosov that these 
materials might show a f i rst order transit ion at .  Niobium does not show 
such a transit ion. Other calculat ions by Helfand and Werthamer are equally 
unsuccessful in describing the propert ies of niobium. A possible reason for 
these fai lures of the GLAG theory is that i t  is based on the London local 
theory rather than on the Pippard non-local modif icat ions to the London 
theory. 
The success of the GLAG theory in describing the superconducting pro­
pert ies of al loys ( lO) is very l ikely due to the fact that the large 
K « x) values found in these materials make al loys behave much l ike 
local superconductors over a large temperature range below their transit ion 
temperature. Since niobium has a K value of .78 at T^j both the coherence 
length and the penetrat ion depth X are of the same magnitude, i t  is 
therefore only for temperatures close to 1^, where X is increasing rapidly, 
that the local i ty condit ion «  ^.) is satisf ied for niobium. This is 
consistent with the results of the measurements on niobium since the only 
possible agreement with theory is close to T^. 
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APPENDIX:  TABULATION OF CRITICAL FIELD AND MAGNETIZATION DATA 
The  c r i t i ca l  f i e ld  da ta  shown in  t he  fo l lowing  t ab les  a re  the  da ta  fo r  
the  th ree  n iob ium samples  r epor t ed  on  in  t h i s  thes i s .  The  magne t i za t ion  
da ta  has  been  pu t  i n to  e l ec t romagne t i c  cgs  un i t s  r a the r  than  r epor t ing  the  
raw da ta .  When  us ing  the  magne t i c  moment  da t a ,  on ly  th ree  s ign i f i can t  
f igu res  shou ld  be  used .  
7 7  
T a b l e  5 .  C r i t i c a l  f i e l d  d a t a  f o r  s a m p l e  N b - 4 4 - 3  
I 
T °K (gauss) (gauss) (gauss) 
1.297 1696 3886  1954 
1.680 1675 3784 1925 
2.001 1667 3679 I892 
2.160 1648 36I8  1873 
2.518 16)5 3502 1831 
2.747 1592 3380  1808 
3.047 1566 3275 1769 
3.245 1549 3165 1741 
3.512 1510 3044 1699 
CN
I 
1477 2935 1658 
3.739 1462 2900  1657 
3.962 1437 2870 1618 
4.190 1414 2710 1581 
6.416 955 1536 1055 
7.395 662 937 721 
7 8  
T a b l e  6 .  C r i t i c a l  f i e l d  d a t a  f o r  s a m p l e  N b - 4 9  
T °1< (gauss) (sauss) (gauss) 
1.154 1701 3957 1956 
1.330 1698 3886  1950 
1.475 1694 3848 1942 
1.611 1690 3810 1929 
1.840 1683 3723 1917 
1.989 1679 3682 1907 
2 .237  1637 3590 1864 
2.408 1607 3546 1848 
2.607 1603 3444 1824 
2 .786  1592 3376 1803 
3.059 1569 3244 1767 
3.296 1548 3161  1738 
3.700 1498 2954 1673 
3.985 1457 2833  1634 
4.171 1437 2712 1604 
4.515 1386  2568 1569 
4.766 1325 2457 1457 
5.050 1281 2284 1431 
5.239 1225 2169 1348 
5.494 1182 2047 1321 
5.717 1109 1921 1213 
6.153 1030 1676 1132 
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Table  6 .  (Con t inued)  
I  H^ j  (gauss)  
6.245 963 
6. Ô04 904 
6.714 850 
7.055 785 
7.242 713 
7.518 631 
7.715 560 
7.966 481 
8.206 400 
8.424 325 
8.606 248 
8.860 155 
9.000 99 
H^2 (sauss)  (gauss)  
1634 1061 
1392 991 
1335 924 
1193 857 
1049 768  
902 687  
795 601 
651 516 
523 424 
407 338  
317 262 
194 165 
126  107 
8 0  
T a b l e  7 .  C r i t i c a l  f i e l d  d a t a  f o r  s a m p l e  N b - 5 3 - 3  
T °K (gauss )  (gauss )  (gauss )  
1 .138  1739  3954 1982  
1.933 1690 3735 1920 
2.599 1622 3478 1838  
3.039 1575  3305 1774  
3.496 1524  3093 1706 
3.976 1465  2826 1630 
4 .469  1367 2603 1523 
4 . 889  1300 2384 1442  
5.382 1196 2105 1323 
5 .714  1124  1920  1238 
6 .201  1003 1645  1099 
6 .721  856  1339 936 
6 .902  805 1234 866  
7.245 704 1041  757  
7.409 655 949 709 
7.700 563 794 605 
7 .918  489  673 522 
8 .092  448 580 460  
8.222 389 510  413  
8.316 356 460  375  
8 .414  323 413  339 
8.518 280 ^357 297  
8 1  
Table  7 .  (Con t inued)  
T  °K (gauss )  (gauss )  (gauss )  
8 .612  240  309 258 
8 .728  204  254  217  
8 .834  165  204  174  
8.542 128 152 134 
9 .076  74 89 79  
8 2  
MCeiUH MAGNETIZATION DATA SAMPLE NC.  NB-49  
r  «  9 .000  T »  8 .860  T «  8 .608  T - 8 .424  
FIcLD MCMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
C t  GAUSS OE GALSS OE GAUSS OE GAUSS 
0 .0  0 .00  0 .0  C.CO O.C  0 .00  0 .0  C.CO 
15 .1  - I .  18  30 .2  -2 .43  60 .4  -4 .75  75 .5  -6 .03  
30 .2  -2 .  36  60 .4  -4 .87  120 .7  -9 .50  150 .9  -12 .06  
At ) .3  - 3 .54  90 .5  -7 .18  181 .  1  -14 .40  226 .4  -17 .78  
60 .A  -4 .84  105 .6  -8 .46  211 .3  -16 .70  242 .9  -18 .99  
75 .5  -6 .  14  113 .2  -9 .04  226 .4  -17 .77  258 .0  -20 .19  
9C.b  -7 .32  120 .7  -9 .62  233 .9  -18 .23  274 .6  -21 .40  
93 .6  -7 .67  124 .5  -9 .96  237 .7  -18 .53  286 .7  -22 .30  
96 .6  -7 .79  128 .3  -  IC .20  241 .4  -18 .69  294 .3  -22 .61  
99 .6  -8 .03  132 .0  -10 .54  245 .2  -18 .84  301 .8  -22 .91  
101 .1  -6 .  61  135 .8  -1C .89  249 .C  -17 .15  309 .3  -23 .66  
1C2 .6  -5 .43  139 .6  -11 .12  250 .5  -14 .40  316 .9  -23 .96  
104 .1  -5 .43  143 .4  -11 .35  252 .0  -12 .25  324 .4  -22 .91  
105 .6  -5 .43  147 .1  -11 .59  253 .5  -11 .64  325 .9  -20 .50  
107 .1  -3 .  78  150 .9  -11 .82  256 .5  -9 .34  327 .5  -12 .96  
110 .2  -3 .07  154 .7  -12 .05  264 .  1  -6 .74  329 .0  -12 .36  
113 .2  -2 .60  156 .2  -  1C.43  271 .6  -4 .90  333 .5  -10 .55  
117 .7  -1 .42  158 .4  -7 .88  279 .2  -3 .98  341 .0  -7 .84  
120 .7  -0 .83  160 .0  -6 .95  2  86 .7  -2 .91  354 .6  —6.03  
123 .7  -0 .35  161 .5  —6.02  294 .3  -2 .14  369 .7  -3 .92  
120 .7  -0 .71  166 .0  -4 .17  301 .8  -1 .38  377 .3  -2 .71  
113 .2  -2 .83  173 .5  -2 .32  309 .3  -0 .61  384 .8  -1 .81  
ICS .6  -5 .67  181 .1  -1 .51  316 .9  0 .00  392 .3  -1 .21  
IC2 .6  -5 .67  188 .6  -0 .46  301 .8  -0 .92  399 .9  -0 .45  
98 .1  -5 .90  181 .1  -1 .  16  286 .7  -2 .76  377 .3  -2 .71  
90 .5  -5 .90  173 .5  -2 .66  271 .6  -5 .21  347 .1  -7 .23  
83 .0  -5 .43  166 .0  -5 .  10  256 .5  -8 .88  332 .0  -10 .25  
-5 .08  158 .4  -7 .88  252 .8  -10 .42  324 .4  -13 .26  
45 .3  -2 .83  150 .9  -8 .11  249 .0  -11 .64  316 .9  -18 .69  
15 .1  -0 .59  135 .8  -8 .34  245 .2  -12 .25  301 .8  -19 .59  
0 .0  +  0 .71  120 .7  -7 .65  241 .4  -12 .25  271 .6  -18 .08  
105 .6  -6 .72  233 .9  -12 .25  226 .4  -15 .07  
75 .5  -4 .40  226 .4  -12 .25  150 .9  -9 .95  
45 .3  -2 .43  211 .3  -11 .95  0 .0  +  0 .90  
15 .1  -0 .23  181 .  1  -10 .11  
0 .0  +0 .93  150 .9  -8 .27  
75 .5  -3 .22  
0 .0  +  1 .53  
Figure  3O,  Niob ium magne t i za t ion  da ta .  The  ho r i zon ta l  
i n c r e a s i n g  a n d  d e c r e a s i n g  f i e l d  d a t a  i n  a l l  
F igure  51  ».  
l i nes  sepa ra te  the  
the  f igu res  th rough  
MCaiUM MAGNETIZATION DATA SAMPLE NC.  Ne-49  
T  =  8 .206  T - 7 .966  T » 7 .715  T •  7 .518  
FIELD MOMENT F IELD MOMENT F IELD MOMENT FJ tLD MOMENT 
CE GAUSS OE GAUSS CE GAUSS Ob  GAUSS 
0 .0  0 .00  0 .0  0 .00  0 .0  C.CO 0 .0  0 .00  
75 .5  -5 .89  75 .5  -5 .90  75 .5  —6.08  75 .5  -5 .93  
150 .9  -11 .93  150 .9  -11 .96  150 .9  -12 .15  150 .9  -12 .20  
226 .4  -17 .97  226 .4  -18 .01  226 .4  -18 .06  301 .8  -24 .23  
301 .8  -24 .02  301 .8  -23 .91  301 .8  -23 .79  452 .7  -35 .76  
333 .5  -26 .34  335 .0  -26 .71  377 .3  -29 .70  528 .2  —41 .86  
362 .2  -28 .82  362 .2  -28 .88  452 .7  -35 .61  573 .4  -45 .25  
377 .3  -29 .44  392 .3  -31 .05  482 .9  -37 .46  603 .6  -46 .77  
384 .8  -29 .75  407 .4  -32 .61  513 .1  -39 .83  618 .7  -47 .45  
392 .3  -29 .59  422 .5  -33 .54  S28 .2  -40 .67  633 .8  -46 .09  
396 .1  -29 .44  430 .1  -33 .85  543 .2  -41 .51  641 .3  -39 .65  
399 .9  -28 .20  437 .6  -34 .47  558 .3  -40 .50  645 .1  -32 .  88  
403 .7  -22 .93  445 .2  -35 .09  562 .1  —36.79  648 .9  -27 .45  
407 .4  -16 .11  452 .7  -35 .56  565 .9  -27 .84  656 .4  -23 .73  
411 .2  -13 .95  460 .2  -36 .02  569 .6  -23 .63  664 .0  -21 .35  
418 .7  -12 .09  469 .3  -36 .18  573 .4  -22 .95  679 .1  -18 .81  
430 .1  -9 .92  475 .3  -36 .02  581 .0  -20 .59  709 .2  -13 .22  
445 .2  -7 .44  479 .1  -35 .56  588 .5  -18 .56  739 .4  -10 .68  
460 .2  -5 .73  482 .9  -34 .16  603 .6  -15 .02  769 .6  -7 .63  
475 .3  -4 .03  486 .7  -29 .66  633 .8  -10 .97  799 .8  -5 .42  
490 .4  -2 .32  490 .4  -23 .91  664 .0  -7 .59  830 .0  -3 .C5  
49H.0  -2 .01  494 .2  -18 .94  694 .  1  -4 .89  860 .1  -1 .97  
513 .1  -0 .62  498 .0  -17 .70  724 .3  -3 .04  875 .2  -1 .19  
482 .9  -2 .79  505 .5  -15 .53  739 .4  -2 .19  890 .3  -0 .51  
452 .7  -5 .58  513 .1  -14 .28  754 .5  -1 .52  830 .0  -3 .39  
415 .0  -11 .47  528 .2  -11 .49  769 .6  -0  .68  754 .5  -8 .  13  
407 .4  -13 .02  558 .3  -7 .76  784 .7  -0 .34  679 .1  -14 .91  
403 .7  -14 .56  603 .6  -2 .95  709 .2  -3 .71  664 .0  -17 .62  
399 .9  -16 .42  618 .7  -1 .55  648 .9  -8 .44  648 .9  -21 .35  
396 .1  -18 .59  626 .2  -0 .93  603 .6  -13 .16  641 .3  -22 .71  
392 .3  -23 .24  633 .8  -0 .62  588 .5  -15 .19  633 .8  -33 .55  
384 .8  -25 .10  641 .3  -0 .31  573 .4  -18 .90  626 .2  -41 .35  
377 .3  -25 .72  •  603 .6  -2 .95  565 .9  -20 .93  618 .7  -43 .38  
362 .2  -25 .72  573 .4  -4 .81  558 .3  -31 .39  603 .6  -44 .  74  
347 .1  -24 .95  526 .2  -9 .32  550 .8  -36 .79  588 .5  -44 .06  
301 .8  -22 .00  498 .0  -14 .59  543 .2  -38 .48  558 .3  -43 .04  
150 .9  -11 .31  490 .4  -16 .77  528 .2  -39 .49  528 .2  -41 .01  
0 .0  +0 .93  482 .9  -20 .18  513 .1  -38 .48  452 .7  -35 .59  
475 .3  -27 .64  482 .9  -36 .45  301 .8  -24 .06  
467 .8  -30 .28  422 .5  -33 .C8  150 .9  -12 .20  
460 .2  -31 .36  301 .8  -23 .79  0 .0  0 .00  
452 .7  -31 .67  150 .9  -11 .81  
437 .6  -32 .14  0 .0  0 .00  
407 .4  -30 .43  
377 .3  -28 .57  
301 .8  -23 .29  
226 .4  -17 .70  
150 .9  -11 .49  
0 .0  *0 .  16  
Figure 3 I .  Niobium magnetization data 
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MCUIUH MAGNETIZATION CATA SAMPLE NC.  NB-49  
T »  7 .242  
FIELD MOMENT 
OE GAUSS 
T  •  7 .055  
FIELD MOMENT 
OE GAUSS 
T  «  6 .714  
FIELD MOMENT 
OE GAUSS 
F IELD MOMENT 
CE GAUSS 
0 .0  C .CO 
7S .S  
-5 .  77  
150 .9  -11 .85  
301 .8  -24 .00  
452 .7  -35 .85  
603 .6  -47 .69  
633 .8  -49 .82  
664 .0  -52 .  10  
679 .1  -52 .86  
694 .1  -53 .16  
709 .2  -52 .71  
716 .8  -43 .44  
721 .3  -37 .67  
724 .3  -28 .25  
731 .9  -27 .34  
739 .4  -24 .61  
754 .5  -21 .57  
769 .6  
-18 .53  
799 .8  -15 .19  
830 .0  -12 .15  
860 .1  -9 .42  
905 .4  -6 .08  
935 .6  -4 .40  
965 .8  -2 .  73  
980 .9  -2 .13  
99b .9  -1 .52  
1011 .0  -C .91  
1026 .1  —C .  46  
980 .9  -2 .13  
90S .4  -5 .77  
830 .0  -  1C.33  
754 .5  -17 .32  
724 .3  -22 .18  
709 .2  -26 .43  
701 .7  -33 .42  
694 .1  -37 .97  
679 .1  -40 .71  
648 .9  -41 .31  
603 .6  -39 .79  
528 .2  -35 .54  
452 .7  -30 .99  
301 .8  -19 .75  
150 .9  -8 .20  
0 .0  -3 .34  
0 . 0  
150 .9  
301 .8  
452 .7  
528 .2  
603 .6  
633 .8  
664 .C  
679 .1  
694 .1  
709 .2  
724 .3  
739 .4  
754 .5  
769 .6  
777 .1  
784 .7  
792 .2  
799 .8  
807 .3  
814 .9  
830 .0  
845 .0  
875 .2  
905 .4  
950 .7  
995 .9  
1056 .3  
1086 .5  
1116 .7  
1146 .8  
1161 .9  
1177 .0  
0.00 
-11 .99  
-23 .98  
-35 .63  
-41 .37  
-47 .28  
-49 .98  
-51 .67  
-53 .35  
-54 .37  
-55 .04  
-56 .73  
-57 .41  
-58 .42  
-58 .76  
-58 .42  
-57 .07  
-48 .29  
-36 .81  
-33 .77  
-30 .39  
- 2 6 . 6 8  
-23 .98  
-18 .91  
-15 .53  
-11 .48  
- 8 . 6 1  
-5 .23  
-3 .71  
-2 .36  
-1 .35  
-0 .78  
-0 .34  
1056 .3  
905 .4  
830 .0  
799 .8  
784 .7  
769 .6  
754 .5  
724 .3  
679 .1  
603 .6  
301 .8  
150 .9  
0 . 0  
-5 .07  
-13 .51  
-21 .27  
-27 .02  
-45 .93  
-53 .02  
-55 .04  
-54 .71  
-52 .34  
-46 .94  
-23 .81  
-11 .82 
0 .00 
0 . 0  
150 .9  
301 .8  
452 .7  
603 .6  
679 .1  
754 .5  
784 .7  
799 .8  
814 .9  
830 .0  
645.0 
848 .8  
852 .6  
856 .4  
8 6 0 . 1  
864 .2  
875 .2  
890 .3  
905 .4  
950 .7  
995 .9  
1056 .3  
1131 .8  
1207 .2  
1237 .4  
1267 .6  
1297 .7  
1327 .9  
1207 .2  
1056 .3  
905 .4  
875 .2  
860.1 
845 .0  
830 .0  
784 .7  
754 .5  
679 .1  
528 .2  
301 .8  
150 .9  
0 .0  
0 . 0 0  
- 1 2 . 0 1  
-24 .02  
-36 .17  
-48 .18  
-54 .04  
-59 .74  
-61 .84  
-63 .04  
-63 .94  
-64 .69  
-64.24 
-60 .94  
-56 .74  
-51 .34  
-42 .63  
-31 .22  
-27 .02  
-23 .87  
-22 .37  
-17 .71  
-14 .11  
- 1 0 . 2 1  
-6 .90  
-4 .05  
-2 .85  
-1 .95  
-1 .05  
-0 .30  
-3 .90  
-10 .51  
-23 .27  
- 2 8 . 8 2  
-36 .32  
-50 .43  
-54 .04  
-55 .24  
-54 .04  
-50 .13  
-40 .23  
-23 .42  
- 1 1 . 1 1  
-0 .90  
0 . 0  
75 .5  
150 .9  
226 .4  
301 .8  
452 .7  
603 .6  
754 .5  
784 .7  
814 .9  
845 .0  
660.1 
875 .2  
890 .3  
897 .9  
905 .4  
912 .9  
920 .5  
928 .0  
935 .6  
950 .7  
965 .8  
980 .9  
1011.0 
1056 .3  
1131 .8  
1207 .2  
1282 .7  
1312 .8  
1343 .0  
1373 .2  
1388 .3  
1282 .7  
1131 .8  
980 .9  
905-4  
890 .3  
875 .2  
860. 1 
830 .0  
784 .7  
679 .1  
452 .7  
150 .9  
0 . 0  
Figure 32. Niobium magnetization data 
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MCalUf»  XACNETI^ATION DATA SAMPLE NO.  NB-49  
T •  6 .246  T «  6 .153  T.  •  5 .717  T •  5 .494  
FIELD MOMENT F IELD MOMENT F IELD MCMENT F IELD MOMENT 
OE GAUSS CE GAUSS CE GAUSS OE GAUSS 
0 .0  0 .00  0 .0  0 .00  0 .0  0 .  CO 0 .0  0 .00  
150 .9  -11 .92  150 .9  -12 .17  150 .9  -11 .97  150 .9  -11 .84  
301  . 8  -23 .99  301 .8  -24 .33  301 .8  -23 .93  452 .7  -35 .95  
4 ! )2 .7  -35 .90  452 .7  -36 .15  452 .7  -36 .31  603 .6  -48 .22  
603 .6  -47 ,97  603 .6  -48 .15  603 .6  -48 .28  754 .5  -60 .C6  
754 .5  -60 .04  754 .5  -59 .97  754 ,5  -59 .83  905 .4  -72 .12  
830 .0  -65 .62  905 .4  -71 .97  905 .4  -72 .01  980 .9  -78 .15  
860 .1  -68 .19  950 .7  -74 .71  980 .9  -77 .58  1056 .3  -83 .74  
890 .3  -70 ,30  965 .8  -75 .74  1026 .1  -81 .29  1086 .5  -85 .90  
905 .4  -71 .51  980 .9  -76 .25  1056 .3  -82 .74  1116 .7  -87 .83  
920 .5  -72 .56  995 .9  -76 .77  1071 .4  -63 .36  1146 .8  -89 .13  
935 .6  -73 .32  1011 .0  -76 .42  1086 .5  -83 .98  1161 .9  -89 .34  
950 .7  -73 .92  1026 .1  -71 .62  1101 .6  -83 .98  1177 .0  -87 .40  
958 .2  -72 .11  1033 .7  -68 .20  1109 .1  -80 .88  1184 .6  -85 .25  
965 .8  -66 .68  1041 .2  -59 .63  1112 .9  -42 .50  i192 .1  -78 .79  
973 .3  -36 .21  1048 .8  —46 .26  1116 .7  -40 .85  1199 .7  -68 .03  
980 .9  -34 .70  1056 .3  -39 .41  1131 .8  -35 .90  1207 ,2  -60 ,28  
995 .9  -31 .98  1071 .4  -35 .64  1161 .9  -30 .95  1214 ,7  -52 .96  
1011 .0  -30 .17  1086 .5  -33 .07  1207 .2  -26 .41  1222 .3  -44 .35  
1041 .2  -26 .55  1116 .7  -27 .76  1282 .7  -20 .63  1237 .4  -41 .76  
1071 .4  -22 .93  1146 .8  -24 .67  1358 .1  -15 .47  1252 .5  -39 .61  
1131 .8  -18 .10  1177 .0  -21 .25  1433 .6  -11 .97  1282 .7  -34 .88  
1207 .2  -13 .58  1207 .2  -19 .19  1509 .0  -9 .49  1312 .8  -31 .4  3  
1282 .7  -9 .65  1282 .7  -13 .71  1584 .5  -7 .02  1358 .1  -26 .91  
1358 .1  -6 .49  1358 .1  -9 .77  1659 ,9  -4 .95  1433 .6  -20 .88  
1433 .6  -4 .22  1433 .6  -6 .51  1735 .4  -3 .09  1509 .0  -15 .93  
1509 .0  -2 .41  1509 .0  -4 .11  1780 .6  -2 .48  1659 .9  -9 .69  
1584 .5  -0 ,91  1584 .5  -2 .23  1810 .8  — 1 .65  1810 .8  -5 .  17  
1614 .6  -0 .30  1629 .7  -1 .03  1841 .0  -1 .24  1886 .3  -3 .01  
1509 .0  -2 .  11  1659 .9  -0 .34  1871 .2  -0 .62  1916 .4  -2 .37  
1207 .2  -13 .28  1509 .0  -4 .11  1735 .4  -3 .30  1961 .7  -1 ,29  
1056 .3  -25 .04  1358 .1  -8 .57  1509 .0  -9 .70  1991 .9  -0 .  86  
980 .9  -45 ,26  1207 .2  -16 .11  1207 .2  -26 .41  2022 .1  C .OO 
965 .8  -57 ,63  1056 .3  -30 .16  1131 .8  -36 .73  1810 ,8  -4 .74  
950 .7  —60 ,64  1026 .1  -36 .33  1116 .7  -44 .15  1509 ,0  -12 .92  
905 .4  -61 .55  1011 .0  -59 .63  1101 ,6  -57 .36  1358 ,1  -20 .45  
830 .0  -59 ,44  995 .9  -68 .88  1086 .3  -64 .79  1207 ,2  -34 .44  
754 .5  -54 ,91  980 .9  -71 .62  1056 .3  -68 .50  1192 ,1  -37 .46  
452 .7  -34 ,09  950 .7  -71 .97  980 .9  -67 .88  1177 ,0  -4C ,04  
150 .9  -10 .26  905 .4  -69 .40  9C5 .4  -64 .37  1161 ,9  -58 .13  
0 .0  +1 .  66  754 .5  -59 .63  754 .5  -55 .71  1146 ,8  -73 .19  
452 .7  -36 .33  452 .7  -33 .63  1131 .8  -77 .50  
150 .9  -11 .99  150 .9  -9 .90  1101 .6  -79 .65  
0 .0  C.OO 0 . 0  +2 .06  1C56 .3  -79 .44  
980 ,9  -75 .35  
905 ,4  -7C .61  
603 ,6  -48 .01  
301 ,8  -23 .68  
0 .0  0 .00  
Figure 33. Niobium magnetization data 
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MCBIUH magnetization DATA SAMPLE NC. Ne-49 
T »  5 .239  T  =  5 .050  T •  4 .766  T »  4 .515  T •  4 .171  
FIELD MCMENT F IELD MOMENT F IELD MOMENT F IELD MCMENT F IELD MCMENT 
OE GAUSS OE GAUSS CE GAUSS OE GAUSS CE GAUSS 
0 .  0  0 .00  0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  
150- 9  -12 .14  150 .9  -12 .19  150 .9  -11 .82  150 .9  -12 .28  150 .9  -12 .21  
452 .  7  -36 .43  301 .8  -24 .04  452 .7  -35 .68  452 .7  -35 .76  452 .7  -36 .63  
603 .  6  -48 .36  452 .7  -35 .90  754 .5  -59 .96  754 .5  -59 .89  754 .5  -60*33  
754 .  5  -60 .29  603 .6  -47 .75  905 .4  -71 .78  1056 .3  -84 .23  905 .4  -72 .30  
90S .  4  -72 .02  754 .5  -60 .  11  1056 .3  -83 .60  1131 .8  -90 .05  1056 .3  -84 .03  
1056 .  3  -83 .32  905 .4  -72 .13  1207 .2  -95 .00  1207 .2  -95 .65  1131 .8  -90 .01  
1086 .  5  -86 .04  1056 .3  -83 .98  1252 .5  -97 .96  1237 .4  -97 .81  1207 .2  -95 .76  
1116 .  7  -88 .35  1086 .5  -86 .02  1282 .7  -99 .44  1267 .6  -100 .18  1282 .7  -101 .03  
1146 .  8  -90 .02  1116 .7  -88 .39  1297 .7  -99 .86  1297 .7  -102 .55  1327 .9  -104 .14  
1161 .  9  -90 .86  1146 .8  -90 .25  1312 .8  -99 .22  1327 .9  -104 .05  1358 .1  -105 .34  
1177 .  C - 91 .28  1161 .9  -91 .09  1320 .4  -97 .11  1343 .0  -104 .70  1373 .2  -105 .81  
1192 .  1  -92 .74  1177 .0  -92 .11  1327 .9  -94 .16  1358 .1  -105 .13  1388 .3  -106 .29  
1207 .  2  -92 .95  1192 .1  -93 .13  1335 .5  -82 .34  1373 .2  -104 .27  1403 .4  -105 .10  
1222 .  3  -92 .11  1207 .2  -94 .14  1343 .0  -62 .91  1380 .7  -102 .98  1410 .9  -104 .14  
1229 .  8  -75 .37  1222 .3  -94 .48  1350 .6  -38 .85  1388 .3  -101 .25  1418 .5  -103 .18  
1237 .  4  -48 .99  1237 .4  -95 .67  1358 .1  -36 .73  1395 .8  -98 .24  1426 .0  -101 .74  
1244 .  9  -40 .61  1252 .5  -95 .84  1373 .2  -34 .62  1403 .4  -93 .50  1433 .6  -100 .79  
1252 .  5  -37 .26  1267 .6  -93 .80  1403 .4  -32 .09  1410 .9  -85 .  31  1441 .1  -97 .44  
1267 .  6  -35 .59  1275 .1  -93 .13  1448 .6  -29 .56  1418 .5  -81 .00  1448 .6  -91 .69  
1297 .  7  -31 .82  1282 .7  -89 .06  1509 .0  -24 .07  1426 .0  -71 .95  1456 .2  -80 .20  
1358 .  1  -26 .80  1290 .2  -85 .00  1584 .5  -20 .06  1433 .6  -65 .28  1463 .7  -60 .09  
1433 .  6  -21 .56  1297 .7  -80 .26  1659 .9  -16 .89  1448 .6  -51 .27  1471 .3  -51 .47  
1509 .  0  -16 .96  1305 .3  —68 .41  1810 .8  -11 .82  1463 .7  -46 .96  1478 .8  -48 .12  
1584 .  5  -13 .82  1312 .8  -61 .63  1961 .7  -8 .23  1478 .8  -44 .81  1493 .9  -45 .25  
1659 .  9  -11 .30  1320 .4  -49 .78  2112 .6  -5 .28  1509 .0  -40 .93  1509 .0  -43 .57  
1735 .  4  - 9 .00  1327 .9  -45 .72  2263 .5  -2 .96  1584 .5  -33 .  18  1554 .3  -38 .06  
1810 .  8  -7 .12  1343 .0  -43 .35  2339 .0  -1 .69  1659 .9  -27 .  14  1599 .5  -33 .76  
1886 .  3  -5 .02  1358 .1  -40 .64  2369 .1  -1 .27  1735 .4  -22 .84  1659 .9  -28 .97  
1961 .  7  - 3 .56  1403 .4  -34 .88  2399 .3  -0 .84  1810 .8  -19 .  39  1735 .4  -24 .18  
2037 .  2  -2 .09  1448 .6  -29 .80  2429 .5  -0 .21  1961 .7  -12 .93  1810 .8  -20 .35  
2067 .  3  -1 .67  1509 .0  -24 .72  2263 .5  -2 .96  2112 .6  -8 .40  1961 .7  -14 .60  
2097 .  5  -1 .05  1584 .5  -20 .66  1961 .7  -8 .44  2188 .1  — 6 .68  2112 .6  -10 .53  
2127 .  7  -0 .84  1659 .9  -16 .59  1659 .9  -17 .73  2263 .5  -5 .  17  2263 .5  -6 .94  
1961 .  7  -3 .77  1810 .8  -10 .16  1509 .0  -25 .33  2339 .0  -3 .88  2414 .4  -4 .31  
1659 .  9  -11 .72  1961 .7  -6 .10  1358 .1  -39 .48  2414 .4  -2 .  15  2489 .9  -3 .11  
1  358 .  1  -26 .80  2037 .2  -4 .40  1350 .6  -40 .53  2444 .6  -1 .72  2565 .3  -1 .92  
1252 .  5  -37 .68  2112 .6  -3 .05  1343 .0  -41 .80  2474 .8  -1 .29  2595 .5  -1 .44  
1237 .  4  -41 .03  2157 .9  -2 .03  1327 .9  -44 .33  2504 .9  -0 .86  2625 .7  -1 .20  
1222 .  3  -52 .76  2203 .1  -1 .35  1297 .7  -69 .25  2535 .1  0 .00  2655 .8  -0 .96  
1207 .  2  -69 .50  2233 .3  -0 .78  1282 .7  -70 .09  2414 .4  -2 .  15  2686 .0  -0 .24  
1192 .  1  -76 .20  2263 .5  -0 .34  1267 .6  -75 .16  2112 .6  -7 .32  2565 .3  -2 .15  
1161 .  9  -79 .55  2112 .6  -3 .22  1237 .4  -79 .80  1810 .8  -15 .08  2263 .5  -6 .94  
1131 .  8  -79 .97  1810 .8  -10 .16  1207 .2  -80 .22  1509 .0  -29 .73  1961 .7  -14 .60  
1056 .  3  -77 .88  1509 .0  -20 .32  1131 .8  -78 .11  1433 .6  -38 .35  1659 .9  -27 .05  
905 .  4  -69 .92  1358 .1  -31 .83  1056 .3  -75 .16  1403 .4  -41 .  36  1509 .0  -39 .50  
754 .  5  -59 .46  1312 .8  -40 .30  754 .5  -56 .16  1388 .3  -43 .95  1463 .7  -45 .73  
452 .  7  -36 .43  1282 .7  -43 .01  452 .7  -33 .36  1373 .2  -48 .69  1448 .6  -49 .08  
150 .  9  -12 .14  1252 .5  -80 .26  150 .9  -9 .50  1358 .1  -77 .  13  1433 .6  -67 .27  
0 .  0  0 .00  1222 .3  -88 .72  0 .0  +2 .53  1343 .0  -88 .76  1418 .5  -88 .10  
1207 .2  -88 .39  1327 .9  -92 .64  1403 .4  -95 .52  
1056 .3  -80 .60  1297 .7  -94 .79  1373 .2  -100 .79  
754 .5  -59 .60  1267 .6  -94 .79  1343 .0  -101 .27  
452 .7  -35 .22  1207 .2  -92 .21  1282 .7  -98 .87  
150 .9  -12 .19  1056 .3  -84 .45  1207 .2  -94 .08  
0 .0  0 .00  905 .4  -71 .95  905 .4  -72 .54  
603 .6  -47 .83  603 .6  -47 .88  
301 .8  -23 .70  301 .8  -24 .18  
0 .0  0 .00  0 .0  0 .00  
Figure 34. Niobium magnetization data 
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NIOblUH MAGNETIZATION DATA SAMPLE NO.  Ne-49 
T =  3 .985 T =  3 .700 
FIELD MCMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
Ct  GAUSS OE GAUSS OE GAUSS OE GAUSS 
0 .0 ,  0 .00  2716.2  -1 ,20 0 .0  0 .00 2897.3  -0 .48 
150.9  -12 .27 2414.4  -5 .53 150.9  -12 .15 2927.5  -C.24 
452.7  -36 .82 2112.6  -11 .79 452.7  -36 .44 2716.2  -2 .62 
754.b  -60 .40 1810.8  -21 .66 754.5  —60.26 2414.4  -7 .38 
9C5.4  -72 .43 1509.0  —44.04 1056.3  -84 .07 2112.6  -14 .05 
1056.3  -84 .47 1493.9  -46 .44 1207.2  -95 .27 1810.8  -25 .01 
1207.2  -96 .02 1478.8  -48 .85 1282.7  - ICC.74 1659.9  -34 .06 
1282.7  -101.55 1463.7  -70 .03 1327.9  -103.36 1584.5  -41 .20 
1327.9  -104.44 1448.6  -90 .24 1358.1  -105.51 1539.2  -46 .92 
1358.1  -106.37 1433.6  -97 .22 1388.3  -106.94 1524.1  -50 .25 
1373.2  -107.33 1403.4  -100.83 1403.4  -107.41 1509.0  -67 .88 
1388.3  -107.57 1358.1  -100.35 1418.5  -107.89 1493.9  -89 .79 
1403.4  -107.81 1282.7  -96 .98 1433.6  -108.36 1478.8  -97 .17 
1418.5  -107.09 1207.2  -92 .17 1448.6  -108.60 1448.6  -100.74 
1433.6  -106.13 9C5.4  -70 .51 1463.7  -108.13 1418.5  -101.70 
1448.6  -103.72 603.6  -46 .93 1478.8  -106.70 1358.1  -99 .79 
1463.7  -98 .42 301.8  -23 .34 1493.9  -102.65 1282.7  -95 .74 
1471.3  -89 .76 0 .0  0 .00 1501.5  -96 .93 1207.2  -9C.74 
1478.8  -80 .38 1509.0  -89 .31 905.4  -69 .78 
1486.4  -63 .29 1516.5  -75 .50 603.6  —46.44 
1493.9  -52 .70 1524.1  -57 .40 301.8  -23 .58 
1509.0  -46 ,93 1531.6  -51 .21 0 .0  +0.48 
1524.1  -44 .04 1539.2  -47 .87 
1554.3  -40 .19 1554.3  -45 .01 
1599.5  —35.86 1584.5  -41 .20 
1659.9  -31 .04 1614.6  -38 .58 
1735.4  -26 .23 1659.9  -34 .53 
1810.8  -22 .38 1735.4  -29 .77 
1961.7  -16 .36 1810.8  -25 .48 
2112.6  -11 .79 1961.7  -19 .29 
2263.5  -8 .42 2112.6  -14 .05 
2414.4  -5 .53 2263.5  -1C.24 
2565.3  -3 .  13 2414.4  -7 .38 
2640.8  -2 .  17 2565.3  -5 .CO 
2716.2  -1 .20 2716.2  —2.62 
2761.5  -0 .  96 2791.7  -1 .67 
2806.7  -0 .24 2867.1  -0 .71 
F i g u r e  3 5 .  Niobium magnetization data 
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NIOBIUM MAGNETIZATION DATA SAMPLE NO.  NB-49 
T =  3 .296 T =  3 .059 
FIELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
CE GAUSS OE GAUSS OE GAUSS OE GAUSS 
0.  C 0 .00 2716.  2  -4 .56 0 .0  0 .00 3093.5  -1 .62 
150.  9  -12 .23 2791.  7  -3 .84 150.9  -12 .00 3168.9  -0 .73 
452.  7  -36 .70 2867.  1  -3 .02 452.7  -36 .00 3199.1  -0 .49 
754.  5  -60 .21 2912.  4  -2 .40  754.5  -60 .24 3229.3  -0 .24 
1056.  3  -84 .20 2957.  6  -1 .92 1056.3  -84 .23 3259.4  0 .00 
1207.  2  -95 .23 3018.  0  -1 .44 1207.2  -95 .99 3018.0  -2 .45 
1282.  7  -100.75 3063.  3  —0.96 1358.1  -107.50 2565.3  -8 .57 
1358.  1  -106.03 3108.  5  -0 .48 1418.5  -110.68 2112.6  -18 .85 
1388.  3  -107.70 3138.  7  0 .00 1448.6  -112.39 1659.9  -44 .81 
1418.  5  -109.86 2867.  I  -3.02 1478.8  -113.37 1614.6  -51 .67 
1433.  6  -110.82 2565.  3  -7 .20  1493.9  -114.11 1599.5  -59 .01 
1448.  6  -111.54 2263.  5  -13 .67 1509.0  -112.88 1584.5  -83 .99 
1463.  7  -112.02 1961.  7  -22 .55 1516.5  -112.39 1569.4  -94 .76 
1478.  8  -112.50 1659.  9  -41 .02 1524.1  -111.90 1539.2  -104.56 
1493.  9  -112.26 1584.  5  -51 .57 1539.2  -110.43 1509.0  -106.03 
1509.  0  -111.06 1569.  4  —60.69 1554.3  -107.50 1433.6  -104.56 
1524.  1  -109.14 1554.  3  -85 .64 1569.4  -104.56 1358.1  -100.15 
1539.  2  -1C5.31 1539.  2  -98 .59 1584.5  -94 .76 1056.3  -80 .07 
1546.  7  -102.91 1509.  C -105.31 1592.0  -87 .42 754.5  -58 .03 
1554.  3  -97 .63 1478.  8  -106.27 1599.5  -73 .22 452.7  -35 .02 
1561.  8  -91 .87 1423.  6  -105.55 1607.1  -57 .05 150.9  -11 .51 
• 1569.  4  -80 .36 1358.  1  - ICI .95  1614.6  -51 .91 0 .0  +  0 .24 
1576.  9  -59 .25 1207.  2  -91 .87 1629.7  -48 .24 
1584.  5  -52 .53 9C5.  4  -69 .80 1659.9  -44 .81 
1599.  5  -48 .22 603.  6  -46 .78 1705.2  -39 .91 
1629.  7  -44 .38,  301.  8  -23 .99 1750.4  -36 .49 
1659.  9  -41 .26 0 .  C +0 .48 1810.8  -32 .08 
1705.  2  -36 .94 1886.3  -27 .67 
1750.  4  -33 .82 • 1961.7  -24 .24 
1810.  e  -29 .98 2112.6  -18 .61 
1886.  3 -26 .15 2263.5  -14 .94 
1961.  7 -23 .27 2414.4  -11 .51 
2112.  6  -17 .51 2565.3  -8 .57 
2263.  5  -13 .43 2716.2  -6 .12 
2414.  4  -9 .83  2867.1  -3 .92 
2565.  3  -7 .20  3018.0  -2 .45 
Figure 36, Niobium magnetization data 
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NICblUM MAGNETIZATION DATA SAMPLE NC.  NG-49 
T = 2 
.786 T =  2 .607 
FIELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
OE GAUSS OE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00 3018.  0  -3 .42 0 .0  0 .00 3229.3  -1 .  96 
150.9  -11 .97 3093.  5  -2 .44 150.9  -12 .00 3289.6  -1 .  22 
452.7  — 36 .64 3168.  9  -1 .86 452.7  -36 .01 3350.0  -0 .  88 
754.5  -60 .33 3244.  4  -1 .22 754.5  -60 .51 3410.3  -0 .  39 
1056.3  -84 .27 3319.  8  -0 .49 1056.3  -84 .27 3440.5  0 .  GO 
1207.2  -96 .00 3350.  0  0 .00.  1207.2  -95 .78 3168.9  -2 .  45 
1358.1  —106.26 3168.  9  -1 .71 1358.1  -107.30 2716.2  —8 .  08 
1418.5  -109.19 2716.  2  -7 .33 1418.5  -111.46 2263.5  -17 .  39 
1448.6  -111.14 2263.  5  -16 .85 1448.6  -112.19 1810.8  -37 .  23 
1478.8  -112.61 1810.  8  —35.66 1478.8  -112.93 1659.9  -53 .  65 
1509.0  -113.83 1659.  9  -50 .81 1509.0  -112.44 1644.8  -62 .  47 
1524.  I  -112.85 1629.  7  -58 .14 1524.1  -109.50 1629.7  -79 .  12 
1539.2  -112.12 1614.  6  -78 .90 1539.2  -110.97 1614.6  -91 .  37 
1554.3  -111.14 1599.  5  -95 .02 1554.3  -109.99 1584.5  -101.  17 
1569.4  -109.68 1569.  4  - 104.79 1584.5  -108.52 1509.0  —106.  07  
1584.5  -107.97 1509.  0  - 108.46 1599.5  -104.11 1433.6  -104.  60 
1599.5  -1C2.84 1433.  6  - 105.52 1614.6  -100.68 1358.1  -101.  17 
1607.1  -97 .71 1358.  1  - 101.37 1629.7  -91 .86 1056.3  -80 .  59 
1614.6  -90 .62 1056.  3  -81 .83 1637.3  -85 .49 754.5  -58 .  55 
1622.2  -82 .32 754.  5  -59 .36 1644.8  -76 .67 452.7  -35 .  28 
1629.7  -64 .24 452.  7  -35 .91 1652.4  -65 .41 150.9  -11 .  51 
1637.3  -55 .94 150.  9  -11 .72 1659.9  -55 .61 0 .0  -0 .  24 
1644.8  -53 .01 0 .  0  -0 .24 1675.0  -51 .20 
1659.9  -50 .08 1705.2  -47 .28 
1675.0  - r48 .12 1750.4  -42 .38 
1720.3  -42 .99 1810.8  -37 .48 
1765.5  -39 .33 1886.3  -32 .34 
1810.8  -35 .91 1961.7  -28 .42 
1886.3  -31 .02 2112.6  -22 .05 
1961.7  -27 .36 2263.5  -17 .39 
2112.6  -21 .25 2414.4  -13 .96 
2263.5  -16 .61 2565.3  -11 .02 
2414.4  -12 .95 2716.2  -8 .08 
2565.3  -10 .02 2867.1  -6 .  12 
2716.2  -7 .33 3018.0  -4 .  16 
2867.1  -5 .13 3168.9  -2 .45 
Figure 37. Niobium magnetization data 
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MCâlUM MAGNETIZATION DATA SAMPLE NO.  NE-49 
T =  2 .408 T 
= 2.237 
FIELD MOVENT F IELD MOMENT F IELD MOMENT F I tLD MOMENT 
CE GAUSS OE GAUSS OE GAUSS OE GAUSS 
0 .0  O.CO 2867.  1  —6 .62  0 .0  0 .  00 3168.  9  -3 .  63 
150.9  -12 .02 3018.  0  —4 .66  150.9  -12 .  10 3319.  8  -2 .  18 
452.7  -36 .07 3168.  9  -2 .70 452.7  — 36 .  04 3395.  3  -1 .  45 
754.5  -60 .11 3319.  8  -1 .72 754.5  —60.  23  3470.  7  -0 .  97 
1056.3  -84 .16.  3395.  3  -1 .23 1056.3  -84 .  43 3516.  0  -0 .  63 
1207.2  -95 .94 3470.  7  —G .64  1207.2  -96 .  04 3561.  2  -0 .  24 
1358.1  -108.21 3531.  1  -0 .15 1358.1  -108.  13 3591 .  4 0 .  00 
1418. t )  -112.13 3168.  9  -3 .19 1433.6  -113.  21 3168.  9  -3 .  63 
1448.6  -114.10 2716.  2  -8 .59 1478.8  — 116.  36 2716.  2  -9 .  68 
1478.8  -116.55 2263.  5  -18 .40 1509.0  -118.  78 2263.  5  -19 .  35 
1509.0  -117.53 le io .  8  -39 .50 1539.2  -120.  23 1810.  8  -40 .  88 
1524.1  -118.02 1659.  9  —68.46 1569.4  -120.  71 1675.  0  -59 .  51 
1539.2  -118.51 1644.  8  -92 .99 1584.5  -120.  23 1659.  9  -79 .  59 
1554.3  -119.00 1629.  7  -104.77 1599.5  -119.  74 1644.  8  -94 .  10 
1569.4  -119.00 1599.  5  -115.08 1614.6  -119.  26 1629.  7  -100.  39 
1584.5  -118.02 1569.  4  —116.06 1629.7  -114.  42 1584.  5  -108.  13 
1599.5  -117.04 1509.  0  -94 .96 1637.3  -111.  52 1509.  0  -108.  13 
1614.6  -115.57 1358.  1  -105.26 1644.8  -109.  10 1358.  1  -100.  88 
1629.7  -103.30 1056.  3  -82 .69 1652.4  -98 .  94 1056.  3  -80 .  55 
1637.3  -92 .99 754.  5  -59 .38 1659.9  -82 .  97 754.  5  -58 .  30 
1644.8  -85 .14 452.  7  -36 .07 1667.4  -67 .  01 452.  7  -34 .  83 
1652.4  -76 .31 150.  9  -11 .53 1675.0  -57 .  33 150.  9  -11 .  37 
1659.9  —68.46 0 .  0  +0.25 1690.1  -53 .  46 0 .  0  +  0 .  48 
1667.4  -61 .10 1705.2  -51 .  04 
1675.0  -56 .68 1735.4  -47 .  66 
1690.1  -53 .74 1780.6  -42 .  33 
1735.4  -46 .87 1810.8  -40 .  16 
1780.6  -42 .45 1886.3  -34 .  59 
1810.8  -39 .50 1961.7  -30 .  72 
1886.3  -34 .11 2112.6  -24 .  19 
1961.7  -29 .93 2263.5  -19 .  59 
2112.6  -23 .31 2414.4  -15 .  72 
2263.5  -18 .89 2565.3  -12 .  34 
2414.4  -14 .72 2716.2  -9 .  43 
2565.3  -11 .53 2867.1  -7 .  26 
2716.2  -8 .59 3018.0  -5 .  08 
Figure 38, Niobium magnetization data 
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!n:o3iu] •; yAC-raiTZ.'iîTOî: DATA SAI'FLE VC. nE-49 
T =  1 .989 T =  1 .840 
F I tLD MCMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
CÉ GAUSS OE GALSS OE GAUSS OE GAUSS 
0 .0  0 .00 2867.  1  -7 .98 0 .0  0 .00 3168.9  -4 .83 
150.9  -  12.10 3018.  0  -6 .29 150.9  -12 .09 3319.8  -3 .14 
452.7  -36 .29 3168.  9  -4 .60 452.7  -36 .26 3470.7  -2 .18 
754.5  -60 .48 3319.  8  -3 .  14 754.5  -60 .19 3546.2  -1 .45 
1056.3  -84 .43 3470.  7  -1 .84 1056.3  -84 .36 3621.6  -0 .73 
1207.2  -96 .28 3546.  2  -C.97 1207.2  -96 .20 3697.1  -0 .24 
1358.1  -108.13 3621.  6  -0 .43 1358.1  -108.05 3319.8  -3 .14 
1433.6  -113.94 3666.  9  -0 .24 1433.6  -113.85 2867.1  -8 .94 
1476.8  -117.08 3168.  9  -4 .60 1509.0  -119.41 2414.4  -17 .16 
1509.0  -119.26 2716.  2  -10 .64 1539.2  -121.34 1961.7  -34 .32 
1614.6  -121.20 2263.  S -21 .05 1569.4  -122.55 1810.8  —4 5 .68  
1569.4  -122.89 1810.  8  -44 .51 1599.5  -124.00 1720.3  -58 .74 
1599.5  -123.61 1720.  3  —56.61 1629.7  -124.24 1705.2  -69 .37 
1614.6  -124.10 1705.  2  -60 .23 1644.8  -123.03 1690.  1  -92.58 
1629.7  -124.  10 1690.  1  -81.04 1659.9  -122.06 1675.C -106.59 
1644.8  -123.37 1675.  0  -102.33 1675.C -118.92 1659.9  -111.91 
1659.9  -121.92 1659.  9  -110.55 1690.1  -113.36 1629.7  -117.23 
1675.0  -117.81 1614.  6  -117.81 1697.6  -1C5.14 1584.5  -118.20 
1690.1  -106.20 1569.  4  -117.81 1705.2  -83 .87 1509.0  -114.81 
1697.6  -82 .01 1509.  0  -115.39 1712.7  -69 .37 1207.2  -94 .51 
1705.2  -67 .98 1358.  1  -105.71 1720.3  -60 .19 905.4  -71 .31 
1 /12.7  -6C.2  3  1056.  3  -83 .22 1735.4  -55 .35 603.6  -47 .38 
1720.3  -56 .85 754.  5  -59 .27 1750.4  -52 .93 301.8  -23 .69 
1735.4  -53 .  70 452.  7  -35 .32 1780.6  -48 .83 O.C +0.24 
1750.4  -51 .53 150.  9  -11 .85 1810.8  -45 .68 
1780.6  -47 .41 0 .  0  • t -0 .24 1856.1  -41 .57 
1810.8  -44*27 1901.3  -37 .95 
1856.1  -40 .64 1961.7  -34 .32 
1901.3  -37 .50 2037.2  -30 .21 
1961.7  -33 .63 2112.6  -27 .31 
2037.2  -29 .75 2263.5  -21 .75 
2112.6  -26 .37 2414.4  -17 .40 
2263.5  -21 .05 2565.3  -13 .78 
2414.4  -16 .69 2716.2  -11 .36 
2565.3  -13 ,55 2867.1  -8 .94 
2716.2  -10 .64 3018.C -6 .53 
Figure  39 .  Niob ium magne t i za t ion  da ta  
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ÎZOEI -n: :'AG73T] yjiTLCV. D '.TA SAI-iEL3 I-! 0 .  13-49 
T =  1 .611 T =  1  .475 
FIELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
UE GAUSS DE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00 3018^0 -7 .08 0 .  0  0 .00 2716.  2  -12 .26 
150.9  -11 .72 3168.9  -5 .50 150.  9  -11 .78 2867.  1  -9 .62 
452.7  -36 .11 3319.8  -3 .97 452.  7  -36 .31 3018.  0  -7 .93 
754.5  -60 .02 3470.7  -2 .77 754.  5  -60 .35 3168.  9  -6 .01 
1056.3  -83 .93 3621.6  -1 .43 1056.  3  -83 .92 3319.  8  -4 .33 
1207.2  -96 .12 3697.1  -0 .96 1207.  2  -96 .18 3470.  7  -2 .89 
1358.1  -107.84 3772.5  -0 .38 1358.  1  -107.96 3621.  6  -1 .92 
1433.6  -113.10 3802.7  -0 .24 1433.  6  -113.25 3697.  1  -1 .20 
1509.0  -118.60 183?.9  0 .00 1509.  0  -119.02 3772.  5  -0 .72 
1539.2  -120.51 3319.8  -4 .06 1569.  4  -121.91 3832.  9  -0 .24 
1569.4  -121.95 2716.2  -11 .72 1599.  5  -123.35 3319.  8  -9 .14 
1599.5  -123.14 2112.6  -27 .98 1629.  7  -129.60 2716.  2  -12 .26 
1629.7  -124.10 1810.8  -47 .58 1644.  8  -123.83 2112.  6  -29 .09 
1644.8  -124.34 1735.4  -58 .58 1659.  9  -123.11 1810.  8  -49 .77 
1659.9  -123.14 1720.3  -65 .28 1675.  0  -121.91 1735.  4  -60 .83 
1675.0  -121.23 1705.2  -88 .23 1690.  1  -119.51 1720.  3  -73 .82 
1690.1  -118.12 1690.1  -103.54 1705.  2  -112.29 1705.  2  -94 .98 
1705.2  -108.32 1675.0  -110.95 1708.  9  -109.41 1690.  1  -106.52 
1712.7  -92 .06 1659.9  -115.49 1712.  7  -103.88 1659.  9  -116.14 
1720.3  -71 .49 1614.6  -117.88 1716.  5  -95 .94 1584.  5  -118.06 
1727.8  -61 .93 1569.4  -116.93 1720.  3  -83 .92 1509.  0  -115.66 
1735.4  -58 .10 1509.0  -114.06 1724.  0  -74 .78 1358.  1  -105.56 
1750.4  -55 .24 1358.1  -104.97 1727.  8  -69 .01 1056.  3  -82 .96 
1765.5  -52 .84 1056.3  -82 .49 1735.  4  -62 .76 754.  5  -59 .39 
1795.7  -49 .02 754.5  -59 .06 1750.  4  -56 .99 452.  7  -35 .83 
1825.9  -45 .67 452.7  -35 .63 1765.  5  -54 .34 150.  9  -11 .78 
1871.2  -41 .84 150.9  -11 .72 1795.  7  -50 .50 0 .  0  +0.24 
1916.4  -38 .50 0 .0  +0.24 1825.  9  -47 .13 
1961.7  -35 .63 1871.  2  -42 .80 
2037.2  -31 .56 1916.  4  -39 .67 
2112.6  -27 .98 1961.  7  -36 .55 
2263.5  -22 .24 2037.  2  -32 .94 
2414.4  -18 .17 2112.  6  -29 .58 
2565.3  -14 .59 2263.  5  -23 .32 
2 716.2  -11 .72 2414.  4  -18 .76 
2867. I  -9 .33 2565.  3  -15 .39 
Figure  40 .  Niob ium magne t i za t ion  da ta  
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!ûc?.nn: :{AGr:TizATic; DATA SAÎ-IELS 1:0. 
T =  1 .330 T =  1 .154 
FIELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
OE GAUSS OE GAUSS OE GAUSS CE GAUSS 
0 .0  0 .00 2867.  1  -9 .  89 0 .  0  O.CO 2716.  2  -13  .22  
150.9  -12 .31 3018.  0  -8 .  20 150.  9  -12 .26 2867.  1  -10 .34  
452.7  -36 .44 3168.  9  -6 .  03 452.  7  -36 .29 3018.  0  -8  .41  
754.5  —60.53 3319.  8  -4 .  59 754.  5  —60.09 3168.  9  -6  .49  
1056.3  -84 .70 347C.  7  -2 .  90 1056.  3  -84 .37 3319.  8  -4  .81  
1207.2  -96 .29 362 : .  6 -1 .  93 1207.  2  -96 .14 3470.  7  -3  .12  
1358.1  -107.87 3 /72.  5  -0 .  72 1358.  1  -107.92 3621.  6  -2  .16  
1433.6  -113.66 3832.  9  -0 .  24 1433.  6  -113.45 3772.  5  -1  .20 
1509.0  -118.49 3893.  2  0 .  00 1509.  0  -118.02 3848.  0  -0  .62  
1569,4  -121.87 3319.  8  -4 .  59 1569.  4  -121.86 3923.  4  -0  .24  
1599.5  -123.32 2716.  2  -12 .  79 1599.  5  -123.30 3S53.  6  0  ,00  
1629.7  -124.28 2112.  6  -29 .  20 1629.  7  -124.02 3319.  8  -4  .57  
1644.8  -123.56 1810.  8  -49 .  95 1644.  8  -124.26 2716.  2  -12  .98  
1659.9  -122.83 1735.  4  -63 .  71 1659.  9  -123.78 2112.  6  -29  .80  
1675.0  -122.11 1720.  3  -82 .  10 1675.  0  -123.06 1810.  8  -51  .20  
1690.1  -119.46 1705.  2  -98 .  22 1690.  1  -120.90 1735.  4  -66  .10  
1705.2  -114.15 1690.  1  -107.  87 1705.  2  -115.61 1720.  3  -82  .44  
1712.7  -108.35 1659.  9  -116.  56 1712.  7  -110.32 1705.  2  -97  .34  
1720.3  -94 .84 1584.  5  -118.  01 1720.  3  -100.23 1690.  1  -107 .92  
1724.0  -85 .19 1509.  0  -115.  59 1724.  0  -93 .02 1659.  9  -115 .13  
1727. f i  -76 .50 1358.  1  -104.  98 1727.  8  -85 .33 1584.  5  -117 .53  
1731.6  -70 .71 1056.  3  -83 .  02 1731.  6  -77 .64 1509.  0  -115 .13  
1735.4  -65 ,16 754.  5  -59 .  37 1735.  4  -70 .42 1358.  1  -105 .52  
1750.4  -58 .64 452.  7  -35 .  47 1742.  9  -64 .42 1C56.  3  -82  .68  
1765.5  -55 .26 150.  9  -11 .  82 1750.  4  -60 .09 754.  5  -61  .77  
1795.7  -51 .40 0 .  0  +0.  24 1765.  5  -56 .24 452.  7  -35  .57  
1825.9  -49 .95 1780.  6  -54 .08 150.  9  -11  .78  
1871.?  -44 .  16 1810.  8  -50 .48 0 .  0  fO .24  
1916.4  -40 .30 1856.  i  -45.91 
1961.7  -37 .41 1901.  3  -41 .82 
2037.2  -33 .06 1961.  7  -37 .74 
2112.6  -29 .20 2037.  2  -33 .41 
2263.5  -23 .65 2112.  6  -30 .04 
2414.4  -19 .31 2263.  5  -24 .04 
2565.3  -15 .69 2414.  4  -19 .95 
2716.2  -17 .62 2565.  3  -16 .10 
Figure  41 .  Niob ium magne t i za t ion  da ta  
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NIOBIUM MAGNETIZATION DATA SAMPLE NC. NE-53-3 
r = 9.076 T = 8.942 T = 8.834 T = 8.728 
FIELD MOMENT FIELD MOMENT FIELD MOMENT FIELD MOMENT 
Cfc GAUSS OE GAUSS OE GAUSS OE GAUSS 
o.b 0.00 0.0 C.OO O.C 0.00 0.0 0.00 
15.1 -1. 17 30.2 -2.39 30.2 -2.36 52.8 -4.20 
30.2 -2.39 60.4 -4.78 60.4 -4.72 98.1 -7.93 
37.7 -3.03 90.5 -7.22 75.5 -5.99 135.8 -1C.84 
45.3 -3.61 105.6 -8.39 90.5 -7.20 166.0 -13.29 
48.3 -3.85 120.7 -9.43 105.6 -8.41 181.1 -14.40 
51.3 -4.08 128.3 -9.20 120.7 -9.57 188.6 -14.92 
52.8 -4.20 129.8 -8.C4 135.8 -10.72 196.2 -15.33 
54.3 -4.31 131.3 -5.82 14C.3 -11.06 200.7 -15.51 
55.8 -4.43 132.8 -4.37 143.4 -11.24 203.7 -15.16 
57.3 -4.55 134.3 -3.84 146.4 -11.52 196.2 -13.87 
58.9 — 4 . 66 135.8 -3.38 147.9 -11.58 206.7 -10.03 
60.4 -4.78 133.8 -2.56 149.4 -11.64 208.2 -8.74 
61.9 -4.90 143.4 -1.51 150.9 -11.75 209.8 -8.28 
6 3.4 -5.07 146.4 -0.99 152.4 -11.87 212.8 -7.58 
64.9 -5. 13 149.4 -0.35 153.9 -11.87 218.8 -6. 06 
66.4 -5. 19 150.9 -C.09 155.4 -11.87 226.4 -4.08 
67.9 -5. 30 156.9 -12.04 233.9 -2.62 
69.4 -5. 13 158.4 -12.10 241.4 -1.57 
70.9 -4. 55 160.0 -12.22 249.0 -0.58 
72.4 -4.31 161.5 -12.22 252.0 -0.17 
73.9 -4. 31 166.C -12.16 253.5 -0. 06 
75.5 -4.31 167.5 -9.68 
77.0 -3.73 169.0 -7.38 
78.5 -3. 15 170.5 -6.68 
80.0 -2.45 173.5 -5.70 
81.5 -1.98 176.6 -4.84 
83.0 -1.52 181.1 -3.69 
84.5 -1. 11 185.6 -2.77 
86.0 -0.64 190.1 -1.79 
87.5 -0.29 196.2 -0.86 
89.0 0.00 199.2 -0.40 
202.2 0.00 
Figure  42 .  Niob ium magne t i za t ion  da ta  
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MQdlUM MAGNETIZATION DATA SAMPLE NC.  NB-53-3  
T = 8 .612  T = 8 .518  T » 8 .414  T « 8 .316  T «  8 .222  
FIELD MOMENT FIELD MOMENT FIELD MOMENT FIELD MOMENT FIELD MOMENT 
CE GAUSS OE GAUSS CE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  0 .0  0 .  00  0 .0  c . co  
60 .A  -4 .75  60 .4  -4 .82  60 .4  -4 .79  75 .5  -6 .02  75 .5  -6 .  10  
120 .7  -9 .56  120 .7  -9 .64  120 .7  -9 .58  150 .9  -11 .99  150 .9  -12 .08  
150 .9  -12 .05  181 .1  -14 .46  181 .1  -14 .48  226 .4  -18 .06  226 .4  -18 .18  
181 .1  -14 .43  211 .3  —16 .78  241 .4  -19 .16  256 .5  -20 .44  301 .8  -23 .97  
196 .2  -15 .53  241 .4  -18 .99  271 .6  -21 .38  286 .7  -22 .81  316 .9  -25 .28  
211 .3  —16 .69  256 .5  -20 .03  286 .7  -22 .49  301 .8  -23 .97  332 .0  -26 .22  
218 .8  -17 .27  271 .6  -20 .90  301 .8  -23 .30  316 .9  -25 .01  347 .1  -27 .15  
226 .4  -17 .73  279 .2  -20 .56  309 .3  -23 .65  324 .4  -25 .53  362 .2  -28 .08  
230 .9  -17 .97  280 .7  -20 .32  316 .9  -23 .42  332 .0  -26 .05  377 .3  -28 .64  
233 .9  -18 .20  282 .2  -16 .03  319 .9  -22 .90  339 .5  -26 .40  384 .9  -28 .27  
235 .4  -18 .14  283 .7  -11 .73  321 .4  -22 .31  347 .1  -27 .68  389 .3  -27 .65  
236 .9  -18 .08  285 .2  -11 .26  322 .9  -21 .14  350 .1  -27 .44  392 .3  -23 .66  
238 .4  -17 .97  288 .2  -10 .34  324 .4  -16 .70  353 .1  -25 .59  393 .8  -20 .55  
239 .9  -17 ,85  291 .2  -9 .76  325 .9  -13 .78  354 .6  -24 .32  395 .4  -17 .31  
241 .4  -13 .91  294 .3  -9 .  17  329 .0  -11 .56  356 .1  -14 .59  396 .9  -14 .82  
242 .9  -11 .82  301 .8  -7 .  32  332 .0  -10 .63  359 .1  -13 .90  399 .9  -13 .70  
244 .5  -11 .59  309 .3  -5 .81  338 .0  -9 .46  362 .2  -12 .85  407 .4  -11 .71  
246 .0  -11 .36  316 .9  -4 .53  344 .1  -8 .29  366 .7  -11 .41  415 .0  -1C .15  
249 .0  -10 .55  324 .4  -3 .  37  350 .1  -7 .01  371 .2  -10 .65  422 .5  -8 .97  
252 .0  -9 .74  332 .0  -2 .44  356 .1  -6 .13  377 .3  -9 .55  437 .6  -6 .60  
256 .5  -8 .23  339 .5  -1 .63  362 .2  -5 .14  384 .8  -7 .99  452 .7  -4 .73  
264 .  1  -6 .49  347 .1  -0 .87  377 .3  -3 .27  392 .3  -6 .  72  467 .8  -3 .24  
271 .6  -4 .98  350 .1  -0 .58  392 .3  -1 .75  399 .9  -5 .  73  482 .9  -1 .99  
279 .2  -3 .59  353 .1  -0 .  35  399 .9  -0 .99  407 .4  -4 .  75  490 .4  — 1 .31  
2  86 .7  -2 .61  356 .1  0 .  00  407 .4  -0 .35  422 .5  -3 .  18  498 .0  -0 .75  
294 .3  — 1  . 62  347 .1  -0 .81  410 .4  —0 •  06  437 .6  -1 .79  502 .5  -0 .44  
301 .8  -0 .81  316 .9  -4 .41  392 .3  -1 .64  445 .2  -1 .  10  507 .0  -C .12  
306 .3  -0 .29  286 .7  -10 .68  362 .2  -4 .91  452 .7  -0 .58  
309 .3  0 .00  279 .2  -12 .66  332 .0  -10 .28  458 .7  —0.  06  
271 .6  -13 .36  316 .9  -14 .25  452 .7  -0 .46  
256 .5  -13 .82  301 .8  -15 .13  422 .5  -3 .01  
241 .4  -13 .47  271 .6  -14.95 392.3 -6.43 
211 .3  -12 .14  211 .3  -11.91,  362 .2  -12 .97  
150 .9  -8.36 150 .9  -7 .83  356 .1  -14 .  13  
75 .5  -2 .90  75 .5  -3 .27  ;  350 .1  -15 .29  
0 .0  + 2.44 0.0 +2.92 332 .0  -16.33 
301 .8  -16 .10  
241.4 -13 .32  
181 .1  -9.  38 
120 .7  -4 .98  
60.4 -0 .69  
0 .0  • t -3 .36  
Figure  4 -3 .  N iob ium magne t i za t ion  da ta  
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MCeiUH H A G N B T U A T I O N  DATA SAMPLE NO.  NB-5Î -3  
T .  8.092 
FIELD HCHENT 
CE GAUSS 
O .C  
75 .  5  
150 .Ç  
226 .4  
301 .8  
332 .0  
362 .2  
377.3 
392 .3  
407.4 
415 .0  
422 . ;  
430 .  1  
433 .9  
436.5 
437 .6  
439 .1  
442 .1  
445 .2  
452 .7  
467 .8  
482.9 
498 .0  
513 .1  
526 .2  
543 .2  
558 .3  
565 .S  
573 .4  
579 .5  
0 . 0 0  
—  6 * 0 2  
-12 .04  
-18.06 
-24 .02  
-26 .40  
-28 .85  
-29 .91  
-30 .98  
-31 .73  
-32 .11  
-32 .17  
-31 .61  
-29 .73  
- 2 8 . 2 2  
-24 .46  
-18 .69  
-15 .68  
-13 .80  
-12 .79  
- 1 0 . 2 8  
-8 .47  
— 6  . 46  
-4 .89  
-3 .51  
- 2 . 2 6  
-1 .25  
- 0 . 8 2  
-0 .33  
0 .00  
543 .2  
513 .1  
482 .9  
452 .7  
437 .6  
422 .5  
407 .4  
377 .3  
347 .1  
301 .8  
226 .4  
150 .9  
0 . 0  
T -  7.918 
FIELD MOMENT 
QE GAUSS 
- 2 . 2 6  
-4  •  64  
-8 .03  
-12 .29  
-15 .80  
-18 .19  
- 1 8 . 8 1  
-19 .06  
-18 .31  
-15 .93  
- 1 1 . 1 6  
-5 .96  
-4 .33  
0 .0  
75 .5  
150 .9  
226 .4  
301 .8  
377 .3  
407 .4  
437 .6  
452 .7  
467 .8  
475 .3  
482 .9  
488 .9  
490 .4  
491 .9  
496 .5  
499 .5  
505 .5  
513 .1  
520 .6  
528 .2  
543 .2  
558 .3  
573 .4  
588 .5  
603 .6  
618 .7  
633 .8  
648 .9  
664 .0  
670 .0  
0 . 0 0  
— 6  # 0 0  
- 1 2 . 0 0  
-17 .99  
-23 .99  
-29 .91  
-32 .27  
-34 .30  
-35 .31  
—36.16  
-36 .16  
-35 .65  
-34 .47  
-33 .45  
-20 ,87  
-19 .60  
-18 .59  
-17 .40  
-15 .54  
-14 .02  
-12 .59  
-10 .48  
-8 .79  
-6 .93  
-5 .58  
-4 .39  
-3 .21  
-2 .20  
- 1 . 1 8  
-0 .42  
-0 .  14  
653 .8  
573 .4  
513 .  1  
498 .0  
482 .9  
467 .8  
452 .7  
422 .5  
377 .3  
301 .8  
226 .4  
150 .9  
0 . 0  
- 2 . 2 0  
-6 .51  
-14 .53  
-17 .40  
-20 .44  
-20 .95  
-21 .46  
- 2 1 .  1 2  
-19 .43  
-15 .38  
-10 .39  
-4 .96  
-5 .32  
T •  7 .700  
FIELD MOMENT 
OE GAUSS 
0 . 0  
75 .5  
150 .9  
226 .4  
301 .8  
377 .3  
452 .7  
482 .9  
513 .1  
528 .2  
535 .7  
543 .2  
552 .3  
558 .3  
561 .3  
564 .4  
565 .9  
567 .4  
570 .4  
573 .4  
581 .0  
588 .5  
603 .6  
613 .7  
633 .8  
648 .9  
679 .1  
709 .2  
739 .4  
754 .5  
769 .6  
784 .7  
792 .2  
0 . 0 0  
-6 .07  
-12 .13  
- 1 8 . 1 2  
-24 .10  
-30 .17  
-35 .98  
-38 .26  
-40 .62  
-41 .38  
-41 .63  
-41 .80  
-41 .63  
-41 .12  
-40 .28  
-38 .26  
-34 .55  
-28 .15  
-21 .57  
-20 .48  
-19 .04  
-17 .70  
-15 .34  
- 1 2 . 8 1  
-10 .95  
-9 .44  
-6 .74  
-4 .55  
-2 .78  
-1 .94  
- 1 . 1 8  
-0 .37  
- 0 . 0 8  
754 .5  
679 .1  
603 .6  
573 .4  
558 .3  
543 .2  
513 .1  
482 .9  
452 .7  
377 .3  
301 .8  
150 .9  
0 . 0  
-1 .65  
-6 .49  
-13 .90  
-19 .55  
-22 .50  
-23 .09  
-23 .51  
-23 .51  
-22 .58  
-18 .79  
-13 .99  
-3 .62  
-6 .32  
T •  7 .409  
FIELD MOMENT 
OE GAUSS 
0.0 
150 .9  
301 .8  
452 .7  
528 .2  
558 .3  
588 .5  
603 .6  
618 .7  
633 .8  
648 .9  
652 .6  
656 .4  
660.2  
664 .0  
668 .5  
671 .5  
675 .3  
679 .1  
694 .1  
709 .2  
724 .3  
754 .5  
784 .7  
814 .9  
845 .0  
875 .2  
905 .4  
920 .5  
935 .6  
950 .7  
0 .00  
-12 .03  
-24 .07  
-36 .10  
-42 .05  
-44 .08  
-46 .36  
-47 .50  
-48 .26  
-48 .89  
-48 .26  
-47 .37  
-46 .11  
-44 .08  
-39 .  14  
-31 .29  
- 2 6 . 2 2  
-23 .94  
-23 .18  
-19 .25  
-16 .97  
-14 .95  
-11 .78  
-8 .99  
-6 .84  
-4 .81  
-3 .04  
-1 .77  
- 1 . 0 1  
-0 .51  
0.00 
905 .4  
830 .0  
754 .5  
679 .1  
664 .0  
648 .9  
633 .8  
603 .6  
528 .2  
452 .7  
301 .8  
150 .9  
0 . 0  
-1 .52  
-5 .07  
-10 .13  
-18 .49  
-21 .41  
-24 .57  
-25 .84  
-26 .47  
-25 .08  
-21 .53  
-12 .41  
-1 .77  
-7 .85  
FIELD MCMENT 
CE GAUSS 
0 . 0  
150 .9  
301 .8  
377 .3  
452 .7  
528 .2  
603 .6  
633 .8  
664 .0  
679 .1  
686 . 6  
694 .1  
701 .7  
705 .5  
709 .2  
712 .2  
716 .8  
724 .3  
731 .9  
739 .4  
754 .5  
769 .6  
784 .7  
814 .9  
845 .0  
875 .2  
905 .4  
935 .6  
965 .8  
995 .9  
1011.0 
1 0 1 8 . 6  
1 0 2 6 . 1  
1033 .7  
980 .9  
905 .4  
830 .0  
754 .5  
724 .3  
694 .  I  
664 .0  
633 .8  
603 .6  
528 .2  
452 .7  
301 .8  
150 .9  
0 . 0  
Figure  44 .  Niob ium magne t i za t ion  da ta  
9 7  
MCdlUM MAGNETIZATION OATA SAMPLE NC.  NE-53-3  
I  =  6 .902  T =  6 .721  T •  6 .201  T »  5 .714  T «  5 .382  
FI tLO MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
CE GAUSS OE GAUSS CE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  0 .0  0 .00  
150 .9  -11 .72  150 .9  -12 .09  150 .9  -12 .12  150 .9  -11 .92  150 .9  -11 .95  
301 .8  -23 .44  3C1 .8  -24 .19  301 .8  -24 .24  452 .7  -36 .14  452 .7  -36 .25  
452 .7  -35 .23  452 .7  -36 .28  452 .7  -36 .23  754 .5  -60 .17  754 .5  -60 .12  
528 .2  -40 .96  528 .2  -42 .27  603 .6  -48 .10  830 .0  -65 .95  905 .4  -72 .18  
603 .6  -49 .  10  603 .6  -48 .12  679 .1  -54 .16  905 .4  -71 .91  1056 .3  -83 .49  
679 .1  -52 .31  679 .1  -53 .98  754 .5  -60 .09  980 .9  -77 .31  1101 .6  -87 .02  
709 .2  -54 .28  754 .5  -59 .58  830 .C  -65 .90  1011 .0  -79 .36  1131 .8  -88 .32  
739 .4  -56 .01  784 .7  -61 .37  905 .4  -71 .33  1041 .2  -81 .41  1146 .8  -88 .69  
754 .5  -56 .87  814 .9  -63 .15  935 .6  -73 .09  1056 .3  -82 .15  1161 .9  -89 .06  
771 .1  -57 .61  830 .0  -63 .40  950 .7  -73 .85  1071 .4  -82 .71  1177 .0  -87 .95  
784 .7  -57 .86  845 .0  -62 .89  965 .3  -74 .48  1086 .5  -83 .27  1184 .6  —86 .65  
792 .2  -57 .49  852 .6  -61 .75  980 .9  -74 .36  1101 .6  -83 .09  1192 .1  -83 .86  
802 .8  -56 .01  860 .  1  -58 .06  988 .4  -73 .85  1116 .7  -81 .41  1199 .7  -78 .43  
807 .3  -55 .02  863 .9  -55 .00  995 .9  -72 .72  1124 .2  -78 .80  1207 .2  -71 .43  
811 .1  -51 .81  867 .7  -48 .38  1003 .5  -70 .44  1131 .8  -70 .79  1214 .7  -59 .00  
813 .6  -45 .64  871 .4  -39 .72  1011 .0  —64 .64  1135 .5  —65 .76  1222 .3  -46 .39  
817 .9  -41 .45  875 .2  —34 .76  1014 .8  -58 .83  1139 .3  -56 .63  1229 .8  -41 .19  
820 .9  -35 .28  882 .8  -29 .92  1018 .6  -51 .76  1143 .1  -47 .69  1237 .4  -38 .96  
823 .9  -31 .09  ago .3  -26 .52  1022 .3  -44 .94  1146 .8  -44 .52  1252 .5  -35 .81  
826 .9  -29 .  11  905 .4  -25 .46  1026 .1  -38 .76  1154 .4  -38 .38  1267 .6  -33 .77  
330 .0  -27 .  39  920 .5  -23 .43  1029 .9  -35 .10  1161 .9  -36 .70  1282 .7  -32 .10  
837 .5  -26 .03  935 .6  -21 .52  1033 .7  -33 .71  1177 .0  -34 .09  1312 .8  -28 .76  
845 .0  -24 .30  950 .7  -19 .61  1041 .2  -31 .56  1192 .1  -32 .04  1343 .0  -25 .98  
360 .1  -21 .96  965 .8  -18 .21  1056 .3  -29 .41  1207 .2  -30 .18  1373 .2  -23 .93  
875 .2  -19 .86  980 .9  -16 .93  1071 .4  -27 .27  1237 .4  -26 .83  1433 .6  -20 .22  
890 .3  -18 .26  1 1011 .0  -14 .26  1086 .5  -25 .25  1267 .6  -24 .40  1509 .0  -16 .03  
905 .4  -16 .73  !  1041 .2  -12 .22  1116 .7  -22 .22  1297 .7  -21 .61  1584 .5  -12 .80  
935 .6  -14 .06  i1C71 .4  -10 .44  1146 .8  -19 .57  1358 .1  -17 .88  1659 .9  -10 .02  
965  . 8  -11 .  72  1116 .7  -7 .89  1177 .0  -17 .42  1433 .6  -13 .79  1810 .8  -5 .94  
995 .9  -9 .87  1161 .9  -5  .  86  1207 .2  -15 .40  1584 .5  -8 .20  1961 .7  -2 .41  
1026 .1  -8 .02  1207 .2  -4 .07  1252 .5  -12 .62  1735 .4  -3 .73  1991 .9  -1 .86  
1056 .3  -6 .  41  1252 .5  -2 .42  1297 .7  -10 .60  1765 .5  -2 .98  2022 .1  -1 .30  
1101 .6  -4 .44  1282 .7  -1 .53  1358 .1  -8 .08  1795 .7  -2 .42  2052 .2  -0 .74  
1146 .8  -2 .71  1312 .8  -0 .76  1433 .6  -5 .30  1841 .0  -1 .42  2067 .3  -0 .56  
1177 .0  -1 .97  1327 .9  -C .25  1509 .0  -3 .08  1871 .2  -0 .75  2082 .4  -0 .30  
1207 .2  -0 .  74  1207 .2  -3 .82  1554 .3  -1 .77  1901 .3  -0 .19  1886 .3  -3 .71  
1222 .3  -0 .25  1056 .3  -1C .57  1599 .5  -0 .76  1735 .4  -3 .35  1584 .5  -11 .32  
1131 .3  -3 .08  905 .4  -22 .03  1629 .7  -0 .10  1509 .0  -9 .50  1358 .1  -21 .71  
1056 .3  -6 .  17  875 .2  -26 .48  1509 .G  -2 .78  1282 .7  -19 .75  1282 .7  -27 .46  
98C.9  -9 .  62 .  645 .0  -32 .34  1358 .1  -7 .20  1131 .8  -34 .65  1207 .2  -36 .55  
905 .4  -15 .05  814 .9  -33 .36  1207 .2  -13 .63  1101 .6  -40 .61  1161 .9  -43 .97  
830 .0  -22 .95  754 .5  -33 .74  1056 .3  -25 .00  1071 .4  -42 .47  1116 .7  —45 .46  
784 .7  -30 .84  679 .1  -31 .83  1026 .1  -28 .78  1026 .1  -43 .41  1056 .3  —45 .64  
754 .5  -31 .33  603 .6  -28 .65  995 .9  -34 .59  980 .9  -43 .59  905 .4  -42 .67  
679 .1  -31 .09  452 .7  -19 .35  965 .8  -37 .49  905 .4  -42 .47  754 .5  -35 .07  
603.6 -28 .87  301 .8  -8 .78  935 .6  -38 .13  754 .5  -36 .14  452 .7  -14 .29  
452 .7  -20 .23  150 .9  +•1 .27  905 .4  -38 .38  452 .7  -16 .02  150 .9  -6 .68  
301 .8  -9 .87  0 .0  4 -11 .20  860 .  1  -38 .38  150 .9  -4 .84  0 .0  +17 .07  
150 .9  O.CO 814 .9  -37 .87  0 .0  +15 .28  
0 .0  +  9 .75  754 .5  -35 .85  
603 .6  -27 .77  
301 .8  -6 ,82  
0 .0  4 -13 .13  
Figure  45 .  Niob ium magne t i za t ion  da ta  
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MCtSlUH MAGNETIZATION DATA SAMPLE NC.  NE-53-3  
T =  4 .889  T - 4 .469  T -  3 .976  T «  3 .496  
FIELD MOMENT F IELD MOMENT F l tLD MOMENT F IELD HCMENT FIELD MOMENT 
CE GAUSS CE GAUSS CE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00  0 .0  0 .00  0 .0  o . c o  0 .0  C.CO 2791 .7  -2 .76  
150 .9  -11 .94  150 .9  -11 .98  150 .9  -12 .29  150 .9  -11 .93  2867 ,1  -2 .01  
452 .7  -35 .97  452 .7  - 3 5 . 3 1  452 .7  -36 .26  452 .7  -35 .85  2942 .6  -1 .25  
754 .5  -59 .89  754 .5  -60 .06  754 .5  -60 .23  754 .5  -60 .42  2972 .7  -1 .00  
905 .4  -71 .95  1056 .3  -84 .01  1056 .3  -84 .  19  1056 .3  -84 .23  3002 .9  -0 .75  
1056 .3  -84 .18  1131 .8  -89 .91  1207 .2  -96 .48  1131 .8  -90 .00  3033 .1  -C .25  
1131 .S  -89 .56  1207 .2  -95 .80  1282 .7  -100 .17  1207 .2  -95 .77  2716 ,2  -3 .51  
1161 .9  -91 .60  1282 .7  - ICO.77  1353 .1  -104 .47  1282 .7  -101 .28  2414 .4  -8 .27  
1192 .1  -93 .08  1312 .8  -102 .43  1403 .4  -106 .32  1358 .1  -106 .29  2112 .6  -15 .04  
1222 .3  -94 .75  1227 .9  -102 .99  1418 .5  -106 .93  1403 .4  -109 .30  1810 .8  -26 .32  
1252 .5  -96 .05  1343 .0  -102 .80  1433 .6  -105 .70  1433 .6  -110 .81  1659 .9  — 36 .60  
1222 .7  -94 .94  1308 .1  -102 .06  1448 .6  -104 .47  1448 .6  -111 .31  1554 .3  -48 .89  
129C.2  —93 .46  1365 .6  -99 .35  1463 .7  -100 .17  1463 .7  -111 .81  1524 .1  -65 .18  
1297 .7  -90 .12  1373 .2  -80 .69  1471 .3  -97 .  10  1478 .8  -111 .81  1493 .9  -73 .20  
1305 .3  -84 .55  1300 .7  -44 .22  1478 .a  -86 .65  1493 ,9  -111 .31  1433 .6  -73 .70  
1312 .8  -75 .28  1388 .3  -42 .56  1486 .4  -72 .21  1509 .0  -109 .80  1358 .1  -73 .70  
1320 .4  -62 .67  1403 .4  -40 .53  1493 .9  -55 .92  1516 .5  -107 .80  1207 .2  -67 .19  
1327 .9  -45 .62  1418 .5  -39 .61  1501 .5  -48 .55  1524 .1  -105 .29  905 .4  -47 .13  
1339 .5  -43 .  39  11433 .6  -38 .50  1509 .0  -47 .32  1531 .6  -100 .78  301 .8  +2 .51  
134  3 .0  —41 .16  i14  6  3 .7  -35 .74  1524 .1  -44 .25  1539 .2  -69 .25  0 .0  +20 .81  
1353 .1  -38 .38  1509 .0  -32 .24  1554 .3  -39 .95  1546 .7  -75 .21  
1373 .2  -36 .34  1584 .5  -27 .27  1584 .5  -36 .57  1554 .3  -57 .66  
1388 .3  -34 .49  ;1659 .9  -23 .21  1614 .6  -34 .41  1561 .8  -51 .64  
1418 .5  -31 .89  11810 .8  -16 .58  1659 .9  -30 .42  1569 .4  -49 .14  
1448 .6  -29 .  11  1961 .7  -11 .93  1735 .4  -25 .20  1584 .5  -45 .88  
1509 .0  -25 .03  2112 .6  -8 .11  1810 .8  -21 .82  1599 .5  -44 .12  
1584 .5  -20 .77  2263 .5  -4 .97  1961 .7  -16 .29  1629 .7  -40 .61  
1735 .4  
-14 .28  2414 .4  -2 .32  2112 .6  -11 .68  1659 .9  -38 .11  
1810 .8  -11 .87  2489 .9  -1 .29  2263 .5  -8 .30  1735 .4  -31 .34  
1961 .7  -7 .60  2520 .0  -0 .92  2414 .4  -5 .53  1810 .8  -27 .07  
2112 .6  -4 .26  12550 .2  -0 .55  2565 .3  -3 .07  1961 .7  -20 .56  
2263 .5  -1 .48  12580 .4  -0 .18  2640 .8  -2 .03  2112 .6  -15 .29  
2293 .7  -1 .  11  2339 .0  -3 .13  2716 .2  -1 .23  2263 .5  -11 .78  
2323 .9  -0 .67  2037 .2  -8  .66  2776 .6  -0 .61  2414 .4  -8 .27  
2354 .0  -0 .  26  1735 .4  -17 .32  2565 .3  -3 .07  2565 .3  -6 .02  
218  8 .1  -2 .60  1433 .6  -35 .74  2263 .5  -8 .30  2716 .2  -3 .51  
1686 .3  -8 .53  1368 .3  -42  .00  1961 .7  -16 .29  
1584 .5  -18 .17  1373 .2  -44  .95  1659 .9  -29 .50  
1433 .6  -26 .70  1358 .1  -48 .08  1509 .0  -43 .63  
1358 .1  -33 .38  1327 .9  - j 0 .30  1493 .9  -45 .48  
1327 .9  -37 .09  1282 .7  -51 .40  1463 .7  -55 .31  
1312 .8  -39 .13  1207 .2  -51  .95  1433 .6  -68 .21  
1297 .7  -41 .91  1056 .3  -49 .37  1388 .3  -72 .52  
1282 .7  -45 .24  754 .5  -32 .42  1343 .0  -71 .29  
1252 .5  -47 .47  452 .7  -12 .16  1282 .7  -69 .44  
1207 .2  -48 .95  150 .9  ' -10 .32  1207 .2  —66 .68  
1131 .8  -48 .95  0 .0  4 -20 .63  1056 .3  -60 .23  
1056 .3  -47 .65  754 .5  -39 .33  
754 .5  -33 .38  452 .7  -16 .59  
452 .7  -12 .42  150 .9  4 -6 .45  
150 .9  +  8 .72  0 .0  +18 .44  
0 .0  4 -18 .91  
Figure  46 .  Niob ium magne t i za t ion  da ta  
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NIC c  [UN MAGNETIZATION DATA SAMPLE NC.  NB -53-3  
T =  3 .039 T =  2 .599 
FIELD rOKENT FIELD WCMENT F IELD MOKENT F IELD MOMENT 
OE GAUSS CE GAUSS OE GALSS CE GAUSS 
0 .  0  0 .00 2716.  2  -5 .78  0 .  0  0 .00 3018.0  -4 .02 
150.  9  -12 .06 2867.  1  -3 .77 150.  9  -12 .05 3168.9  -2 .51 
452.  7  -36 .18 2942.  6  -3 .01 452.  7  -36 .15 3244.4  -1 .91 
754.  5  -60 .29 3018.  0  -2 .41  754.  5  -60 .74 3319.8  -1 .26 
1056.  3  -84 .41 3C93,  5  -1 .61  1056.  3  -84 .34 3395.3  -0 .75 
1207.  2  -95 .97 3168.  9  -1 .11  1207.  2  -95 .89 3440.5  -0 .40 
1282.  7  -1C2.50 3199.  1  -0 .75 1358.  1  -106.93 3470.7  -0 .10 
1358.  1  -107.27 3229.  3  -0 .50 1433.  6  -112.45 3168.9  -2 .51 
1433.  6  -112.55 2867.  1  -3 .77 1478.  8  -114.96 2716.2  -8 .03 
1463,  7  -114.05 2414.  4  -11 .30 1509.  0  -116.72 2263.5  -17 .07 
1493.  9  -114.81 1961.  7  -24 .12 1539.  2  -118.48 1810.8  -36 .40 
15C9.  0  -115.06 1659.  9  -44 .21 1569.  4  -118.98 1659.9  -50 .70 
1524.  1  -115.31 1599.  5  -55 .27 1534.  5  -117.97 1614.6  —64.26 
1S3S.  2  -115.06 1569.  4  -74 .11 1599.  5  -116.47 1584.5  -70 .78 
1554.  3  -113.05 1539.  2  -79 .89 1614.  6  -113.96 1509,0  -73 .80 
1561.  8  -111.54 1509.  0  -81 .90 1622.  2  -111.70 1358.1  -70 .78 
1569.  4  - ICS.53 1433.  6  -80 .39 1629.  7  -107.93 1207.2  -65 .76 
1576.  9  -1C6.52 1358.  1  -79,64 1637.  3  -100.15 1056.3  -57 .23 
1584.  5  -103.50 1056.  3  -62 .80 1644.  8  -90 .87 754.5  -39 .16 
1592.  0  -94 .21 754.  5  -41 .20 1652.  4  -80 .32 452.7  -17 .32 
1599.  5  -80 .64 452.  7  -18 .84 1659.  9  -69 .78 150.9  +  5 .27 
1607.  1  -65.32 150.  9  +  4 .52 1667.  4  -62 .00 0 .0  +16.82 
1614.  6  -55 ,27 0 .  C +16.33 1675.  0  -57 .73 
1629.  7  -50 .24 1690.  1  -51.96 
1644.  8  -47 .73 1705.  2  -49 .70 
1659.  9  -46 .22 1735.  4  -45 .18 
1690.  1  -43.21 1765.  5  -42 .42 
1720.  3  -39 .69 1810.  8  -38 .40 
1750.  4  -37 .18 1886.  3  -33 .38 
1810.  8  —32.66 1961.  7  -28 .61 
1886.  3  -27 .89 2112.  6  -22 .34 
1961.  7  -24 .62 2263.  5  -17 .07 
2112.  6  -18 .59 2414.  4  -13 .55 
2263.  5  -14 .82 2565.  3  -10 .79 
2414.  4  -11 .30 2716.  2  -8 .03 
2565.  3  -8 .29  2867.  1  -6 .02 
Figure  47 .  Niob ium magne t i za t ion  da ta  
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NIOBIUM MAGNE T I2ATI0N DATA SAMPLE NC.  NE-53-3  
1 
"
 
1 k*-
. 933  T 1 .138 
FIELD MOMENT F IELD MOMENT F IELD MOMENT F IELD MOMENT 
CE GAUSS OE GAUSS OE GAUSS OE GAUSS 
0 .0  0 .00 2716.  2  -10 .29 0 .0  0 .  00 2565.  3  -15 .  96 
150.9  -12 .04 2867.  1  -8 .03 150.9  -12 .  07 2716.  2  -12 .  47 
452.7  -36 .13 3018.  0  -6 .02 452.7  -36 .  40 2867.  1  -9 .  97 
754.5  -60 .72 3168.  9  -4 .27 754.5  — 60 .  84 3018.  0  -7 .  98 
1056.3  -84 .30 3319.  8  -3 .01  1056.3  -84 .  28 3168.  9  -5 .  98 
1207.2  -95 .85 3470.  7  -1 .61  1207.2  -96 .  25 3319.  8  -4 .  74 
1358.1  -108.14 3516.  0  -1 .25 1368.1  -107.  96 3470.  7  -3 .  24 
1433.6  -113.91 3561.  2  -1 .00 1433.6  -113.  70 3621.  6  -1 .  99 
1509.0  -119.43 3621.  6  -0 .75 1509.0  -119.  18 3697.  1  - I .  50 
1539.2  -120.94 3666.  9  -0 .50- 1554.3  -121.  68 3772.  5  -1 .  00 
1569.4  -122.44 3712.  1  -0 .10 1584.5  -123.  67 3848.  0  -0 .  50 
1599.  5  -123.95 2867.  1  -8 .03 1614.6  -125.  17 3878.  1  -0 .  25 
1614.6  -124.45 2414.  4  -17 .06 1644.8  -126.  42 3470.  7  -2 .  99 
1629.7  -124.70 1961.  7  -33 .62 1659.9  -126.  67 3018.  0  -7 .  73 
1644.8  -124.70 1810.  8  —44.66 1675.0  -126.  67 2565.  3  -15 .  71 
1659.9  -123.19 1659.  9  -80 .79 1690.1  -126.  17 2112.  6  -29 .  42 
1675.0  -121.44 1614.  6  -84 .30 1705.2  -123.  92 1810.  8  -50 .  62 
1690.1  -117.92 1509.  0  -84 .81 1720.3  -120.  18 1735.  4  -62 .  58 
1697.6  -113.41 1358.  1  -79.79 1727.8  -118.  19 1690.  1  -79 .  54 
1705.2  -107.64 1207.  2  -71 .26 1735.4  — 116.  69  1659.  9  -84 .  78 
1712.7  -92 .58 905.  4  -50 .60 1750.4  -111.  21 1584.  5  -85 .  27 
1720.3  -78 .78 603.  6  -28 .10 1765.5  -95 .  75 1509.  0  -83 .  78 
1727.e  -67 .24 301.  8  +4 .52 1773.1  -84 .  78 1358.  1  -78 .  54 
1735.4  -58 .21 0 .  0  • t -18 .82 1780.6  -70 .  81 1207.  2  -70 .  8 i  
1750.4  -54 .70 1788.2  -64 .  33 905.  4  -51 .  11 
1765.5  -53 .19 1795.7  — 60 .  34 603.  6  -28 .  92 
1780.6  -51 .44 1810.8  -56 .  85 301.  8  4-5 .  98  
1810.8  —47.67 1825.9  -53 .  36 0 .  0  +  17.  95 
1856.1  -43 .41 1841.0  -52 .  11 
1901.3  -33 .64 1871.2  -48 .  37 
1961.7  -34 .88 1916.4  -44 .  38 
2037.2  -30 .61 1961.7  -40 .  89 
2112.6  -26 .85 2037.2  -  36.  40 
2263.5  -21 .08 2112.6  — 30 .  92 
2414.4  -17 .06 2263.5  -24 .  93 
2565.3  -13 .05 2414.4  -19 .  95 
Figure  48 .  Niob ium magne t i za t ion  da ta  
1 0 1  
MCtlUK MAGNETIZATION DATA SAMPLE NC. Ne-44-3  
[ = 7 .395  T = 6 .416  T - 4 .190  T .  3.962  T » 3 .739  
FIELD MCM6NT FIELD MOMENT FIELD MOMENT FIELD MOMENT FIELD MOMENT 
Ct  GAUSS oe  CALSS CE GAUSS OE GAUSS OE GAUSS 
0  . 0  0 .00  0 .0  C.CO O.C  0 .00  0 .0  0 .00  0 .0  0 .00  
75  . 5  -6 .20  150 .9  -  11 .97  151 .8  -11 .14  150 .9  -12 .07  150 .9  -12 .44  
150  . 9  -12 .08  452 .7  -35 .58  453 .3  -32 .70  452 .7  -36 .22  452 .7  -36 .48  
3C1  . 8  -23 .84  603 .6  -47 .54  754 .5  -54 .74  754 .5  -60 .09  754 .5  -60 .80  
452  . 7  -35 .60  754 .5  -58 .86  1056 .3  -76 .05  1056 .3  -84 .24  1056 .3  -84 .28  
528  . 2  —41.64  631 .3  — 64 .68  1131 .8  -81 .86  1207 .2  -96 .04  1209 .6  -96 .16  
558  . 3  -43 .76  875 .2  -67 .59  1207 .2  -86 .71  1282 .7  -101 .95  1359 .2  -106 .90  
sea  . 5  -45 .88  905 .4  -69 .21  1284 .2  -92 .04  1358 .1  -106 .78  1403 .4  -109 .17  
618  . 7  -47 .84  920 .5  —69 .86  1327 .9  -94 .46  1388 .3  -106 .51  1448 .6  -110 .30  
633  . 8  -46 .50  935 .6  -69 .86  1353 .1  -95 .91  1404 .0  -104 .90  1478 .8  -93 .89  
641  . 3  —48.66  943 .1  -69 .53  1373 .2  -95 .91  1418 .5  -103 .29  1486 .4  -85 .41  
648  . 9  -40 .66  950 .7  -68 .56  1388 .3  -93 .97  1433 .6  -100 .61  1493 .9  -74 .10  
656  . 4  -48 .01  953 .2  -66 .30  1395 .8  -93 .25  1441.1 -97 .12  1501 .5  -61 .09  
664 . 0  -45 .  72  965.8 -62 .42  1403 .4  -92 .04  1448 .6  -92 .29  1509 .0  -51 .47  
671 . 5  -41 .48  973 .3  — 56 .  60  1410 .9  -90 .10  1456 .3  -81 .56  1524 .1  -46 .95  
679  . 1  -34 .62  9 ( !0 .9  -50 .78  1418 .5  -83 .32  1463 .7  -69 .75  1570 .3  -40 .73  
686 .6 -24 .82  988 .4  -37 .52  1423 .0  -78 .47  1471 .3  -53 .66  1664 .6  -32 .24  
694 .  1  -22 .53  995 .9  —33 .6  3  1426 .C  -73 .63  1478 .8  -49 .10  i a i c . 8  -23 .76  
7C9 . 2  -19 .43  ICI  1 .0  -30 .72  1433 .6  -54 .25  1493 .9  —46.68 1962-6  -17 .82  
724  . 3  -10.98 1026 .1  -27 .9a  1441.1 -44 .08  1539 .2  -39 .97  2113 .1  -13 .29  
754 .8 -12 .08  1C57 .2  -23 .61  1448.6 -42 .38  1599 .5  -33 .80  2264.4 -9 .90  
799 .8 — 8 .  16  1131.8 -15 .52  1478 .8  -38 .27  1659.9 -29 .51  2414.4 -6.79 
845 .U -4.  74 1211.7 -11 .00  1554 .3  —30.76 1810 .8  -21.46 2568 .3  -4 .53  
890 .3 -1 .63  128 . ' .  7  - 7 .  12  1659 ,9  -23 .74  1967 .1  -16 .10  2716 .2  -2 .26  
9C5  .4  -0 .98  1358 .1  -3 .56  1811 .9  -17 .20  2116 .1  -11 .80  2796 .5  -1 .41  
912  .9  -0 .65  1388 .3  -2 .43  1961 .7  -12.84 2263 .5  -8 .58  2870 .9  -0.57 
920  .5  -0 .  16  1418 .5  -1.29 2117 .7  -9 .20  2415 .0  -5 .90  2489 .9  -5 .66  
830  . 0  -4 .57  : \4S.6 -0 .49  2264,6 -6 .30  2565 .3  -3 .49  2188 .1  -11 .31  
754 .5 -9 .47  1312.8 -4.20 2417 .1  -3 .88  2716 .2  -1 . 61  1886 .3  -19 .80  
709 .2 -13 .  72  1  161 .9  -10< U7 2568 .3  -1 .70  2792 .7  -0 .54  1584 .5  -38 .46  
679 .1 -17.64 1041 .2  -19 .40  2640.8 -0 .97  2867 .1  0 .00  1509 .0  -51 .47  
664 .0 -21 .23  980 .9  -25 .55  2791 .7  0 .00  2489 .9  -4.56 1493 .9  -76.36 
648 .9 -26 .  13  950 .7  -31 .37  2489 .9  -2 .91  2188 .1  -10 .19  1478 .8  -94 .46  
633 .8 -31 .02  920 .5  -52 .39  2188 .1  -7 .51  1886 .3  -18 .51  1463.7 -100 .68  
618 .7 -31 .68  905 .4  -54.98 1886 .3  -14 .77  1584 .5  -35 .41  1448 .6  -102 .38  
603 .6 -31 .35  875 .2  -57 .73  1584 .5  -28 .10  1509 .0  -44 .00  1418 .5  -102 .38  
528  .2  -28 .74  830 .0  -57 .24  1509 .C  -34 .39  1478 .8  -49 .36  1358 .1  -99.55 
452  . 7  -24 .49  754 .5  -54 .01  1448 .6  -42 .63  1463 .7  -70 .83  1207 .2  -89 .37  
301  .8  -13 .72  679 .1  -49 .16  1433.6 -52 .32  1448.6 -92 .83  905 .4  -67 .03  
150  . 9  -3 .59  603 .6  -43 .98  1418 .5  -78 .96  1433 .6  -101 .95  603.6 -44.68 
0  .0  + 6 .20  452 .7  —32 .66  1403 .4  -87 .68  1403 .4  -103 .82  301 .8  -22 .34  
301 .8  -21 .02  1388 .3  -90 .58  1373 .2  -103 .56  150 .9  -11 .31  
150 .9  -9 .38  1373 .2  -91 .07  1343 .0  -101 .95  0 .0  +  0 .28  
0 .0  +2 .26  1358 .1  -90 .58  1282 .7  -98 .46  
1312 .8  -89 .13  1207 .2  -93 .36  
1207 .2  -82 .83  1056 .3  -81 .56  
1056 .3  -73 .14  905 .4  -70 .29  
905 .4  -62 .25  754 .5  -58 .22  
754 .5  -51 .83  603 .6  -46 .68  
603 .6  -41 .66  452 .7  -34 .88  
452 .7  -31 .00  301 .8  -23 .34  
301 .8  -20 .59  150 .9  -11 .80  
150 .9  -10 .17  0 .0  +0 .27  
O.C +0 .24  
Figure  49 .  Niob ium magne t i za t ion  da ta  
1 0 2  
MC13IU»'  MAGNETIZATION DATA SAMPLE NC. NE-44-3 
T = 3 .727 
FIELD MOMENT 
DE GAUSS 
T = 3 .512 
FIELD MOMENT 
CE GAUSS 
T « 3 .245 
FIELD MOMENT 
OE GAUSS 
T » 3.047 
FIELD MOMENT 
OE GAUSS 
T = 2 .747 
FIELD MOMENT 
OE GAUSS 
0 .  0  0 .  00  0 .  0  0  . 00  0 .0  0 .  00  0 .  0  0 .  CO O .C  0 .00  
150 .  9  
-12 .  42  150 .  9  -12  .06  150 .9  -12 .06  150 .  9  -12 .  07  150 .9  -12 .07  
4b5 .  4  - 36 .  13  452 .  7  -35  .92  452 .7  -35 .90  452 .  7  -35 .  93  452 .7  -35 .93  
755 .  7  -59 .  93  754 .  5  — 60  . 04  765 .1  -61 .09  754 .  5  — 6C  07  7  54 .5  -60 .07  
1060 .  1  -84 .  50  1056 .  3  -84  .16  1056 .3  -84 .13  1056 .  3  -84 .  20  1056 .3  -84 .20  
1207 .  2  -96 .  a  1207 .  2  -95  . 96  1207 .2  -95 .92  1207 .  2  -96 .  CO 1207 .2  -95 .47  
13 t ,9 .  3  -  106 .  91  1360 .  4  -106  . 95  1358 .1  -107 .17  1358 .  1  -106 .  73  1358 .1  -1C6 .73  
1388 .  3  -107 .  99  1403 .  4  -103  . 29  1403 .4  -109 .85  1403 .  4  -109 .  41  1434 .5  -111 .02  
I4C3 .  4  -107 .  13  1433 .  6  -109  . 63  1433 .6  -110 .92  1433 .  9  - l i e .  75  1463 .7  -112 .63  
14 ie .  5  -106 .  91  1463 .  7  -109  . 63  1463 .7  -111 .99  1463 .  7  -111 .  82  1493 .9  -113 .7C  
1433 .  6  -  106 .  91  1476 .  8  -109  . 09  1479 .6  -111 .99  1493 .  9  -1  13 .  43  1524 .1  -114 .24  
1448 .  6  -106 .  37  1493 .  9  -103  . 29  1493 .9  -111 .46  1524 .  1  -1  13 .  16  1554 .3  -114 .77  
1463 .  7  -105 .  29  1513 .  5  -100  . 25  1509 .0  -111 .72  1539 .  2  -112 .  63  1584 . i  -112 .63  
1471  .  3  -104 .  21  1516 .  5  -93  .10  11524 .1  -110 .92  1554 .  3  -111 .  55  1592 .0  -109 .41  
1478 .  8  -101 .  51  1524 .  1  -87  .92  1539 .2  -107 .  17  1569 .  4  -105 .  12  1599 .5  -1C8 .07  
1486 .  4  — 96 .  65  1532 .  1  -70  •  76  1546 .7  -104 .49  1576 .  9  — 98#  68  1607 .1  -102 .44  
1493 .  9  -67 .  47  1539 .  2  -55  . 75  1354 .3  -99 .  13  1584 .  5 -87 .  42  1614 .6  -SO.10  
1501 .  S -74 .  51  1546 .  7  -51  .46  1561 .8  - 8 7 . n o  1592 .  0  -72 .  40  1622 .2  -77 .77  
1509 .  0  -56 .  15  1569 .  4  -47  . 18  1569 .4  -65 .91  1599 .  5  -58 .  46  1629 .7  -63 .55  
1524 .  1  — 48 .  05  1615 .  1  -41  .55  1576 .9  -54 ,66  1607 .  1  -53 .  63  1637 .3  -56 .31  
1539 .  2  - 45 .  35  1662 .  8  — 36  . 99  15  84 .5  -51 .98  1630 .  9  -49 .  34  1644 .8  -S3 .90  
1585 .  5  -39 .  15  IBIO.  8  -27  .34  1614 .6  -47 .15  1690 .  5  -41 .  83  1659 .9  -51 .49  
1659 .  9  -32 .  40  19e , l .  7  -20  .64  1659 .9  -41 .53  1811 .  7  -32 .  72  1739 .9  -41 .56  
1S12  .  2  -23 .  76  2115 .  2  -15  . 81  1735 .4  -34 .83  1962 .  0  -24 .  94  1810 .8  -35 .67  
1961 .  7  -17 .  82  2263 .  5  -12  .06  1810 .8  -30 .01  2112 .  6  -19 .  31  1963 .1  -27 .35  
2112 .  6  -13 .  50  2414 .  4  - 8  . 85  1961 .7  -23 .04  2263 .  5  -15 .  29  2112 .6  -21 .4C  
2263 .  5  - 9 .  72  2565 .  3  — 6  . 16  2112 .6  -17 .95  2414 .  4  -11 .  cO 2264 .6  -16 .63  
2416 .  2  - 7 .  02  2721 .  3  -3  .75  2263 .5  -13 .40  2565 .  3  -8  •  58  2414 .4  -12 .87  
2565 .  3  — 4 .  86  2671 .  3  -1  .88  2419 .5  -10 .45  2718 .  6  -6 .  17  2565 .3  -9 .92  
.2717 .  3  - 2 .  43  2942 .  6  - I  . 07  2565 .3  -7 .50  2867 .  1  -4 .  29  2717 .0  -7 .78  
2792 ,  4  - I .  62  3018 .  0  -0  . 27  2716 .2  -5 .36  3019 .  8  -2 .  15  2867 .1  -5 .90  
2870 .  0  - 0 .  81  2474 .  8  -8  .04  2867 .1  -3 .48  3168 .  9  -C .  80  3018 .0  -3 .75  
2943 .  6  0 .  00  2168 ,  1  -13  .94  3018 .0  -1 .61  3245 .  7  -0 .  1 1  3093 .5  -2 .95  
2469 .  9  -5 .  94  1836 .  3  -23  .59  3093 .b  -1 .07  3178 .3  -2 .15  
213  8 .  1  -11 .  61  1584 .  b  -45  . 57  3168 .9  0 .00  3248 .1  -1 .34  
I n i b .  3  -20 .  25  1539 .  2  -56  .29  I264C.8  -6 .43  3326 .6  -0 .54  
1584 .  5  -38 .  61  1524 .  1  -86  .85  2339 .0  -11 .52  2942 .6  -4 .29  
1509 .  0  -51 .  56  1509 .  0  -101  .32  2C37 .2  -20 .09  2640 .8  -8 .58  
1493 .  9  -84 .  23  1493 .  9  -106  . 68  1735 .4  -34 .83  2339 .0  -14 .48  
1478 .  8  -97 .  73  1478 .  8  -107  . 22  1584 .5  -52 .51  2037 .2  -23 .87  
1463 .  7  - 100 .  97  1448 .  6  -107  . 75  1569 .4  -66 .44  1735 .4  -41 .83  
1448 .  6  -103 .  13  1403 .  4  -106  . 68  1554 .3  -93 .77  1659 .9  -51 .22  
1433 .  6  -103 .  67  1358 .  1  -104  . 27  1539 .2  -105 .56  1629 .7  -64 .36  
140  3 .  4  -102 .  59  1207 .  2  -94  . 35  1524 .1  -109 .31  1614 .6  -91 .17  
1358 .  1  -100 .  43  905 .  4  -70  . 76  1493 .9  -109 .85  1599 .5  - ICS .12  
1207 .  2  -90 .  71  603 .  6  -47  .18  1463 .7  -109 .31  1584 .5  -110 .48  
905 .  4  -68 .  84  301 .  8  -23  .59  1418 .5  -107 .70  1569 .4  -113 .16  
603 .  6  -45 .  35  0 .  0  +0  . 27  1358  .1  -103 .95  1539 .2  -112 .63  
301 .  8  -22 .  68  1207 ,2  -93 .77  1509 .C  -112 .09  
0 .  0  +  0 .  27  90S .4  -70 .73  1433 .6  -109 .41  
603 .6  -47 .  15  1282 .7  -99 .22  
301 .8  -23 .31  1131 .8  -87 .96  
0 .0  + 0.  38  905 .4  -70 .79  
603 .  6  -47 .20  
301 .8  -23 .33  
0 .0  + 0 .27  
Figure  50 .  Niob ium magne t i za t ion  da ta  
1 0 3  
M C t l U M  MAGNETIZATION DATA S A M P L E  N C .  N e - 4 4 - 3  
I T = 2 .518 
I F-IHLO CQHENT 
I  UE GAUSS 
T = 2 .160 
FLTLO MCMENT 
OE GAUSS 
0 .  0 0.  00 0.  0 0.  00 0.0 0.  00 
150.  9 -12.  10 150.  9 -12.  07 150.9 -12.  07 
4S2 .  7 -  36.  03 4 52.  7 -35.  95 452.7 -35.  93 
754.  5 -60.  23 754.  5 — 60.  09 754.5 — 60.  07 
1056.  3 -64.  43 1056.  3 -84.  24 1056.3 -84.  20 
1207.  2 -95.  72 1207.  2 -96.  04 1207.2 -96.  CO 
1358.  1 -107.  01 1353.  1 -107.  31 1353.1 -107 .  26 
1433.  6 -111.  as  1433.  6 -112.  14 1433.6 -112.  63 
1509,  0 — 116.  1611509.  0 -116.  43 1509.0 -117.  99 
1539.  2 -116.  43 1 1539.  8 -117.  24 1539.2 -119 .  33 
1554.  3 -115.  62 1569.  4 -117.  24 1569.7 -120 .  67 
1569.  4 -  116.  16 1601.  8 -117.  51 1599.5 -121 .  75  
1584.  5 -115.  62 1614.  6 -116.  97 1629.7 -120 .  14 
1592.  0 -115.  08 1629.  7 -115.  09 1644.8 -119.  06  
1599.  5 -113.  47 1644.  8 -111 .  34 1659.9 -116 .  38 
LT>0 7 .  1 -111.  32 1659.  9 -104.  36 1675.0 -109.  14 
16 14.  6 -110.  24 1675.  0 -89.  07 1682.5 -101 .  36  
1622.  2  -100.  09 1690.  1  — 65.  46  1690 .1  -91 .  17  
1629.  7 -103.  25 1705.  2  -55 .  27 1698 .2  -77 .  77  
1644.  8 -76.  36 1720.  3 -52 .  05  1705.2 —65* 43 
1652.  7 -62.  92 1750.  4 -47.  22 1712.7 -57 .  92  
1659.  9 -55.  93 1780.  6 — 44 .  53 1720.3 -55 .  24 
1675.  0 -52.  16 181C. 8 — 41 .  :5 1735.4 -52 .  02  
I  705.  2 -47.  59 1961.  7 -31.  39 1765.5 -48.  00 
1750.  4 -42.  48 2112.  6 -24.  95 1810.8 -43.  44 
1810.  S -37.  11 2263.  5 -19.  85 1R86. 3 -37.  27  
1961.  7 -28.  23 2416.  5 -15.  83 1961.7 -32.  45 
2112.  6 -22.  05 2565.  3 -12.  61 2113.2 -25.  48 
2263.  5 -17.  4Ë 2716.  2 -9.  66 2263.5 -20 .  38 
2415.  5 -13.  9 8 2867.  1 -7.  51 2414.4 — 16 .  09  
2565.  3 -10.  76 3013.  0 -5.  37 2565.3 -13.  14 
2716.  2 -8.  34 3171,  9 -3.  76 2716.2 -10 .  46 
2 HO7. 1 — 6 .  45 3244.  4 -3.  22  2867.1 -8.  04 
3018.  0 -4.  30 3319.  8 -2 .  41 3018.0 -5.  90 
3169.  5 -2.  69 3395.  3 -1 .  88 3168.9 -4.  29 
3244.  4 -2.  15 34 70.  7 -1 .  34 3244.4 -3 .  49 
3319.  8 -1.  34 3546.  2 -0.  54 3319.8 -2 .  68 
3397.  2 -0.  81 3093.  5 — 4 .  33 3395.3 -2.  15 
3470.  7 ~C. 27 2489.  9 -13 .  95 3470.7 -1.  34 
2942.  6 -5.  36 1886.  3  -35 .  68 3546.2 -1 .  07 
2489.  9 -12.  37 1735.  4 -49.  63 3621.6 -0.  38 
2037.  2 -25.  01 1690.  1 -57.  95 3093.5 -5.  10 
1735.  4 -44.  37 1659.  9 -ICO. 34 2489.9 -13.  94 
1659.  9 -55.  39 1629.  7 -108.  92 1886.3 -35.  40 
1644.  8 -77.  44 1599.  5 -109.  46 1810.8 — 40.  22 
1629.  7 -97.  34 1554.  3 -106.  78 1735.4 -48.  54 
1614.  6 -107.  55 1358.  I  -95.  51  1659.9 -101 .  36 
1599.  5 -109.  70 1056.  3 -74.  58 1629.7 -106.  19 
1584.  5 -110.  78 754.  5 -53.  12 1584.5 -106 .  73 
1569.  4 -111.  32 452- 7 -32.  19 1539.2 -105.  12  
1539.  2 -110.  51 150- 9 -10.  73 1358.1 -95 .  47 
1493.  9 -109.  17 0 .  0  +0 .  27 1056.3 -74.  55 
1418.  5 -104.  86 754 .5  -53 .  10 
1282.  7 -95.  72 452.7 -32 .  18  
980.  9 -73.  40 150 .9  -10 .  46 
679.  1  -50.  55 0 .0  -T-O. 27  
301.  8 -22.  32 
0.  0  +0 .  27  
T = 2 .001 
FIELD fCMENT 
OE GAUSS 
T  «  1 . 6 8 0  
F I E L D  M O M E N T  
C E  G A U S S  
I  = 1 .297 
F I c L D  M O M E N T  
C t  G A U S S  
0.  0 0 .00 0 ,0 0.  CO 
150.  9 -12 .27 150 .9 -12.  10 
452.  7 -35 .89 452 .7 -36,  03 
754.  5 -59 .99 754 .5 —60. 23 
1C56. 3 -84 .09 1056 .3 -84.  43 
1353.  1 -107 .12 1358 .  1 -107.  55 
1433.  6 -113 .55 15C9 .0 -118.  31 
1509.  0 -118 .64 1584 .5 -122.  61 
1584.  5 -123 .19 1629 ,7 -123.  69 
1629.  7 -123 .72 1659 .9 -123.  15 
1659.  9 -121 .58 1675 .0 -122,  07 
1675.  0 -116 .23 1690 .1 -119.  38 
1690.  1  -109 .80 1705 .2 -115.  08 
1705.  2 -98 .02 1713 .5 -109.  70 
1724.  5 -75 .79 1720 .3 -101,  10 
1735.  4 -64 .27 1728 .6 -91.  42 
1750.  4 -55 .17 1736 .4 -76.  36 
1765.  5 -52 .49 1743 .2 -68.  83 
1810.  8 -46 .8 7 1750 .4 -62.  38 
1890.  2 -40 .17 1765 .5 -57.  54 
1961.  7 -35 .35 1795 .7 -52.  43 
2112.  6 -27 .85 1841 .0 -47.  32 
2263.  5 -22 .50 19C1 .3 -42.  21 
2414.  4 -17 .67 1964 .9 -37.  91 
2565.  3 -14 .4 6 2037 ,2 -33.  34 
2716.  2 -11 .78 2112 .6 -29.  58 
2867.  1 -9 .37 2263 .5 -23.  66 
3018.  0 -6 .96 2414 .4 -19,  36 
3168.  9 -5 .09 2565 .3 -16,  13 
3334.  9 -3 .48 2716 .2 -12.  91 
3470.  7 -2 .14 2867 .1 -10.  22 
3546.  2 -1 .61 3018 .0 -8.  07 
3621.  6 -1 .07 3168 .9 -  6 .  18 
3697.  1 -0 .54 3319 .8 -  4 .  57 
3093.  5 -6 .16 3470 .7 -2.  96 
2474.  8 -16 .07 3546 . 2  -2,  42 
1886.  3 -40 .17 3621 .6 -1.  88 
1659.  9 -117 .83 3697 .1 -1.  34 
1584.  5 -119 .44 3772 .5 -0.  FCL 
1509.  0 -115 .69 3848 ,0 -0.  54 
1358.  1 -105 .51 3093 .5 -7.  53 
905.  4 -70 .70 2489 .9 -17.  75 
452.  7 -35 .35 1886 .3 -43.  56 
150.  9 -11 .78 1750 .4 -60.  50 
0.  0 + 0 .16 1735 .4 -70.  45 
0.  0 0 .CO 1720 .3 -88.  19 
1705 .2 -105.  94 
1675 .0 -117.  50 
1644 .8 -120.  19 
1599 .5 -119.  92 
15C9 .U -116.  16 
1207 .2 -94.  11 
9C5 .4 -70.  72 
603 .6 -47.  05 
301 .8 -23.  12 
0 .0 + 0.  27 
Figure  51 .  Niob ium magne t i za t ion  da ta  
